Compatibility of selected insecticides with two steinernematid nematodes by Worthman, Marcus Glenn
CENTRE FOR NEWFOUNDLAND STUDIES 
TOTAL OF 10 PAGES ONLY 
MAY BE XEROXED 
(Without Author's Permission) 

000 ~ 
St. John's 
COMPATIBILITY OF SELECTED INSECTICIDES 
WITH TWO STEINERNEMATID NEMATODES 
BY 
@Marcus Glenn Worthman, B.Sc.(Honours) 
A thesis submitted to the School of Graduate 
Studies in partial fulfillment of the 
requirements for the degree of 
Master of Science 
Toxicology 
Memorial University of Newfoundland 
May, 1988 
Newfoundland 
11 
ABSTRACT 
The combination of insecticides with entomogenous nematodes in integrated 
pest management protocols could be an effective way of lowering environmental 
loads of harmful insecticides. The compatibility of two locally isolated 
steinernematid nematodes, (Steinernema sp. Newfoundland strain no. 1 (LlC) and 
Steinernema sp . Newfoundland strain no. 2 (5B)) with the organochlorine 
insecticides chlordane and methoxychlor, the organophosphates diazinon and 
malathion, the carbamates carbaryl (SevinR) and aminocarb (MatacilR), as well as 
the insect growth regulator diflubenzuron (DimilinR), was investigated. 
Direct exposure of infective juveniles to chlordane, methoxychlor , diazinon and 
carbaryl at a concentration of 1.0 mg/ml proved toxic. Exposure of nematodes to 
<O.l mg/ml of these three and <1.0 mg/ml of malathion, carbaryl, Matacil and 
Dimilin did not cause significant mortality to the juvenile of both nematode . 
Efficacy of infective juveniles to the Greater Wax moth, Galleria mellonella 
was unaffected, except where nematodes were lethally affected by chlordane, 
methoxychlor a-nd diazinon at 1.0 mg/ml. 
In vitro development of both nematodes was impaired by exposure to all tested 
insecticides. Toxicity appeared to be related to both direct toxicity toward adult 
and non-ensheathed nematode larvae as well as towards the associated bacterial 
symbionts. 
The doubling or generation time of the bacterial symbionts Xenorhabdus sp. 
lll 
LlC and Xenorhabdus sp. 5B, was found to be approximately 90 and 117 minutes 
respectively. Bacteria showed variable sensitivity to the tested insecticides but 
the carbamates and diazinon were particularly toxic at > 0.1 mg/ml. 
The juveniles of both nematode strains demonstrated active seeking of hosts by 
migrating in soil towards G. mellonella larvae. 
Nematode migration in soil was not impaired by the organochlorine insecticide, 
chlordane. However the organophosphate diazinon reduced migration of both 
nematodes at >O.l mg/ml. 
The data obtained suggest that compatibility of nematodes with insecticides in 
integrated pest management programs can be attained by lowering insecticide 
levels or altering timing of insecticide and nematode application. 
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Chapter 1 
INTRODUCTION 
1 
The use of chemical insecticides has dramatically increased the yield of 
numerous commodities. Various problems such as insect resistance, resurgence of 
treated populations, elevation of secondary pests to primary status and the 
general pollution of the environment due to insecticide residues and subsequent 
non-target organism toxicity has made biological control a desired and vital 
alternative. 
Biocontrol methods include release of exotic parasites and predacious insects, 
development of resistant plant varieties and dissemination of insect pathogens 
such as viruses, fungi , bacteria and nematodes. While control of pests by 
biological means has resulted in frequent successes, many pest problems cannot be 
solved by any single approach. 
Integrated control is an approach to pest control which combines and integrates 
biological and chemical methods. Chemical control is used as necessary and in a 
manner which is least disruptive to biological methods. Integrated control may 
make use of naturally occurring biological control by manipulation or introduction 
of biotic agents (Shepard 1973). 
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An integrated control program should combine two or more techniques so they 
are more effective and less costly (including environmentally), than use of any one 
method. Successful pest management has many components and requires 
multidisciplinary approaches to pest problems. In addition to applied entomology, 
bioclimatology and parasitology , toxicology and studies on the effects of different 
kinds of pesticides on both harmful and beneficial species are essential. Better 
understanding of the mechanisms of toxicity and resistance to insecticides and 
ways of managing a population to avoid resistance must be undertaken. 
Before an integrated control program can be undertaken the mortality factors 
already operating in the pest population should be evaluated and any 
supplemental method of control should be first examined to see if it is compatible 
with existing procedures. This is particularly pertinent for insecticide application. 
An insecticide may eliminate natural enemies in the ecosystem that exer t control 
when the pest is below economic damage thresholds. 
Members of the family Steinernematidae Chitwood and Chitwood are obligate 
parasites of insects. The host range of the steinernematid, Steinernema feltiae 
( syn. Neoaplectana carpocapsae Weiser) is extensive. Over 250 insect species 
from 10 orders are reported to serve as hosts (Poinar 1979). Comparatively few 
other entomogenous nematodes cause host mortality, with the majority of 
interactions being at most mildly debilitative (Gaugler 1981). Steinernematid 
nematodes do cause considerable host mortality and are thought to have 
tremendous biological control potential; however, many susceptibility tests have 
taken place in the laboratory and have not translated into field successes (Lewis 
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and Raun 1978; Gaugler 1981). Steinernematid nematodes have a number of 
attributes for biological control, including a wide host range, the ability to search 
for and kill an insect host within 48 hours, and ease of production. In addition, 
infective stages are easily stored and applied in the fi eld and while there are a few 
reports of insect immunity, the organism is environmentally safe. Growth of 
steinernematids is inhibited above 30°C and as a result, parasitism of 
homoiotherms is unlikely (Kaya 1977). 
There are a number of liabilities associated with the use of steinernematids , 
including natural enemies such as protozoa and soil-inhabiting fungi , but the 
major obstacle to the use of these agents for biocontrol is their moisture 
dependency. Thus, the majority of successful field trials have been confined to 
control of soil-dwelling insects. Soil applications have reduced field populations of 
root maggots (Cheng and Bucher 1972), root weevils (Harlan et al. 1971; Burman 
et al. 1979) and other soil-dwelling stages of insects (Poinar 1986). 
These entomogenous nematodes have a non-feeding, free-living, infective 
juvenile stage, sometimes referred to as a 11 dauerlarva • , and is naturally found in 
soil, where it is able to locate an insect host and enter the insect through the 
mouth, anus and spiracles, or by penetrating the cuticle (Triggiani and P oinar 
1976; Schmidt and All 1979). 
Infective stage juveniles are covered by a double cuticle. The cuticle is semi-
permeable and is composed of a number of macromolecules such as albumins, 
glucoproteins and collagen that -cover the entire external surface of the nematode 
and serve as a barrier to the environmental milieu; it gtves the nematode some 
resistance to its' environment (Poinar 1983). The cuticle contains a number of 
sense organs which are thought to be important in host-finding (Poinar 1986). 
Infective stage juveniles carry a mutually associated bacterium in their intestine 
(Dutky 1959; Poinar 1966; Poinar and Thomas 1966,1967). The bacterium. 
_)(enorhabdus spp., is released by the nematode in the host haemocoel after the 
nematode sheds the outer cuticle (Schmiege 1963). \Vithin the hemocoel, bac-teria 
rapidly multiply, causing insect mortality through septicemia (Lysenko and 
Weiser 197 4) , within 24-48 hours (Dutky 1956). The bacteria provide nutrients 
for the nematode, while producing antibacterial compounds that suppress growth 
of other bacteria (Akhurst 1982,1986). 
The nematodes develop into adult males or females and mate. Eggs develop and 
eventually break into the pseudocoelom of the female. ·when the nematodes have 
developed sufficiently, they break out of the mother and into the insect haemocoel 
(Schmiege 1963). This process repeats itself for a number of generations until 
nutrients are exhausted. Under suitable environmental conditions, infective 
juveniles leave the insect cadaver in search of another insect host. Up to 200,000 
infective juveniles may emerge from the cadaver of an infected insect. However , 
the number of emerging nematodes varies according to insect size, nematode 
species and temperature of incubation (Gaugler 1981). 
Infective larvae reared on natural hosts have been used to mass produce 
nematodes on artificial media. Several types of media have been developed, all of 
which have a high protein content. Early success was accomplished by Glaser 
(1931) with S. glaseri on meat infusion plates and steinernematids have since been 
cultivated successfully on several different media (Dutky et al . 196"1; House et al. 
1965; Bedding 1976; Hansen and Hansen 1978; Hara el al . 1981; \Vouts 1981 ; 
Bedding 1984). Infective juveniles can be stored for several months at low 
temperatures and remain infective in aerated liquid su ·pension or in shallow 
volumes of water (Lindegren et al. 1979). 
In vitro rearing techniques can be used to study the effect of insecticides on the 
reproductive potential of local isolates of steinernematid nematodes. Because the 
culture method is monoxenic, in that it contains surface-sterilized nematodes and 
their associated bacterium, insecticide exposures must take cognizance of effects 
on the bacterial symbiont. 
The bacterium, Xenorhabdus nematophilus, was originally isolated from 
infective juveniles by suspension of surface-sterilized nematodes in insect 
hemolymph (Poinar 1966) and cultured on nutrient agar plates. Thomas and 
Poinar (1979) proposed the genus Xenorhabdus to describe species of 
nematophilic bacteria. To date, one Steinernema sp. bacterial isolate has been 
identified, a non-luminescent gram negative, rod shaped bacterium, _)(enorhabdus 
nematophilus (Akhurst and Boemare 1986). This species has only been isolated 
from steinernematids and their parasitized hosts. 
Akhurst (1980) noted that there were two distinct forms of X. nematophilus 
from S.feltiae. He termed these the primary and secondary forms and discovered 
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that the primary form develops into deep blue colonies on nu trient bromothymol 
blue triphenyltetrazolium chloride agar, due to absorption of bromot hymol blue, 
while the secondary form cannot absorb bromothymol blue and as a result , forms 
red colonies on the medium. During in vi tro growth of steinernematid nematodes, 
the primary form of the bacteria is required for growth, whereas little growth 
occurs in the presence of the secondary form. 
Although steinernematid nematodes have been cultured axenically , development 
and reproduction are significantly greater when the primary form of the 
associated bacterial symbiont is grown along with the nematodes (Bedding 1981). 
The technique of culturing nematodes along with bacteria is referred to as 
monoxenicity. Bacteria are able to convert the protein in the medium into 
suitable components for nematode development (Bedding 1976). While only two 
species of Xenorhabdus have been identified, X. nematophilus and X. 
luminescens, it is apparent that different strains occur and there exists a specific 
association between ner:.1atode isolate and bacterial strain (Akhurst 1983). In 
addition, steinernematid nematodes do not grow on strains of X. nematophilus 
obtained from other steinernematid strains or species (Akhurst 1983). 
Steinernematid nematodes show considerable promise as biological control 
agents of soil insects because soil is their natural habitat (Gaugler 1981; Ishibashi 
and Kondo 1986). The ability of an entomogenous nematode to successfully infect 
soil-dwelling stages of insects depends on a number of factors , some of which 
include moisture, soil type, nematode migration and host susceptibility. 
Soil type clearly has an effect on movement and subsequent infection of an 
insec t host. Many factors influence movement of nematode in soil and they 
appear to be interrelated; they include pore size, particle size, gravity, nematode 
activity, temperature, moisture gradient and size of nematode (Wallace 
1958a,l958b,l960). 
Burman and Pye (1980) have shown the movement of S. jeltiae in response to 
temperature. Temperature probably plays a significant role in migration as Byers 
and Poinar ( 1982) showed that S. feltiae was capable of migrating toward slight 
(0.3°C) temperature gradients, comparable to those produced by insects in soil. 
Host seeking ability by parasitic nematodes has received considerable attention 
in the past 10-15 years. Research on the mechanisms of chemoreception in 
entomogenous nematodes is generally lacking with most research focusing on 
plant-parasitic nematodes and the free-living nematode, Caenorhabditis elegans 
(Croll 1977). These receptors respond to chemical stimuli such as kairomones, 
which are chemical cues that induce a favourable response to the receiving 
organism such as in nematode-host attraction (Huettle 1986). Kairomones can 
take many forms such as sex pheromones, inorganic compounds, amino acids and 
carbon dioxide. 
The actual chemoattractant to steinernematid nematodes has received attention 
in recent years and a number of agents have been implicated, such as larval 
excrement, fecal amino acids (Schmidt and All 1978,1979; Pye and Burman 1981) 
and carbon dioxide (Gaugler et a/. 1980). It is likely that carbon dioxide is an 
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attractant as nematodes enter susceptible hosts through natural orifices including 
the spiracles, the sites of expiration of carbon dioxide. This is even more pertinent 
in chemoattraction in soil as gases such as carbon dioxide are able to move 
through air spaces 104 times faster than through water. 
Pye and Burman (lg81) have proposed interesting theories on the role of the 
chemical gradient in the life history of S. feltiae. They determined that the 
nematode was attracted to sodium and carbonate ions as well as gram negative 
bacteria. Plants, which can accumulate these ions, release these to the 
environment when being fed upon by insects. Bacterial growth occurs at this site, 
with metabolism of plant carbohydrates releasing carbonate. These biochemicals 
serve to attract the entomogenous nematode to the host insect. 
The tendency for many soil-inhabiting entomogenous nematodes is to migrate 
towards the soil surface (Schroeder and Beavers lg87). Alternatively, a number of 
studies have shown the ability of entomogenous nematodes to move downwards or 
towards, an insect host(Georgis and Poinar HJ83a,lg83b, lg83c). At present little 
information is available regarding the effect of insecticides on the migration of 
entomogenous nematodes in soil and therefore this aspect was investigated in this 
study. 
Many physicochemical processes determine the fate of an insecticide in soil; the 
major factor is adsorption (Kahn 1gso). Adsorption of an insecticide on soil 
particles depends upon the soil type and the chemical characteristics of the 
insecticide molecule. Solubility of an insecticide in water is an approximate 
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indicator of adsorption to soil particles. An inverse relationship between solubility 
and adsorption has been observed, in tha t a chemical with h igh water solubility 
has low hydrophobic character and consequently, adsorp tion to soil is low (Kahn 
1080). 
Soil-migrating nematodes move through the water film in the pores of soil 
(Wallace 1960). Therefore, maximum insecticide-nematode contact occurs in that 
water film. Strongly adsorbing insecticides are absent from the water film and 
thus, bioavailability is low (Steele and Hodges 1975). 
The potential for use of steinernematid nematodes against soil-dwelling insect 
pests is evident and as chemical insecticide use is still generally popular, the 
integration of the two methods may be economically productive as well as 
environmentally sound. 
While the compatibility of vanous herbicides and insecticides with plant-
parasitic nematodes has received considerable attention (Greco and Thomason 
1980; Marban-Mendoza and Viglierchio 1980a,1980b,1980c; Peacock and Dunn 
1086), the interaction of such compounds with entomogenous nematodes 1s 
incompletely understood. Several reports of general compatibility at levels of 
commercial pesticide use have been carried out (Fedorko et a/. 1977a; Kamionek 
1979), yet these tests have only directly exposed the nematodes, usually by 
immersion in an insecticide solution. Other research has focused on the 
development of nematodes in an insect host after insecticide exposure (Hara and 
Kaya 1983a,l983b) or incorporation of insecticides into agar medium for in vitro 
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reproduction of the nematode (Hara and Kaya 1982). Little attention has been 
given to the effect of insecticides on host seeking ability of steinernematid 
nematodes in soil and to date, no work has been undertaken to determine the 
effects on Newfoundland isolates. 
In addition to exammmg the effect of selected insecticides on survival and in 
vivo and in vitro development, the present study seeks to determine the effect on 
host seeking ability of two local entomogenous nematode isolates from 
Newfoundland in insecticide-treated soil. 
The objectives of this study are to determine whether combinations of chemical 
insecticides with nematodes will enhance the action of both agents, or whether the 
chemical insecticide will adversely affect the nematode. Specifically, the following 
points were examined: 
• To examine the direct toxicity of selected insecticides on nematode 
isolates 
• To ascertain the result of direct insecticide exposure on the efficacy of 
infective juvenile nematodes toward a suitable insect host. 
• To determine the effect of selected insecticides on in vitro nematode 
reproduction. 
• To determine the effect of selected insecticides on the mutualistically 
associated bacterium of both nematode isolates. 
• To determine migration of nematodes in insecticide-treated soil. 
Chapter 2 
MATERIALS AND METHODS 
2.1. ORGANISMS 
2.1.1. Galleria mellonella 
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Galleria mellonella was reared according to the method of Dutky et al. (1962). 
Late instar larvae were used for the in vivo production of nematodes and for all 
subsequent experimental procedures requiring an insect host. 
2 .1.2. Nematodes 
Two entomogenous nematodes, isolated by Finney (1984) and tentatively 
identified as Steinernema sp. Newfoundland strain No. 1 or L1C and 
Steinernema sp. Newfoundland strain No. 2 or 5B, were used in these 
experiments. Each nematode was propagated by passage through G . mellonella 
at 17°C (Dutky et a/. 1964) . Infective juvenile nematodes were stored at 5°C in 
shallow, distilled water in tissue culture flasks. All juvenile nematodes were less 
than two months old and had double cuticles when utilized in experiments. 
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2.1.3. Isolation of Bacteria 
Infective juveniles of both L1C and SB were surface-sterilized by placing them in 
a sterile solution of 0.05% Hyamine for 30 minutes (Poinar 1966). The bacterium 
from each nematode was releasede by macerating a concentrated nematode 
suspension with a sterile mortar and pestle. Samples from the macerate were 
streaked on nutrient bromothymol blue triphenyltetrazolium chloride agar 
(NBTA). Isolated colonies were picked from plates and restreaked on NBTA until 
pure colonies of the bacteria were obtained. Colonies appeared on NBTA plates 
within 3-5 days when incubated at 15°C. Symbiotically-associated bacteria of 
both L1C and 5B were tentatively identified as Xenorhabdus sp. isolate L1C and 
.Xenorhabdus sp. isolate 5B and were known to be dimorphic (Akhurst 1980). 
Bacteria were maintained on NBTA plates at 15°C and routinely transferred 
every 7-10 days. 
2.2. INSECTICIDES 
Seven insecticides were chosen to encompass the major categories of pesticides. 
These included 2 organochlorine insecticides (Chlordane, ~1ethoxychlo r), 2 
organophosphates (Malathion, Diazinon), 2 carbamate insecticides 
(Carbaryl(SevinR), Aminocarb (MatacilR)) and an insect growth regulator 
(Diflubenzuron(DimilinR)). The organochlorine and organophosphate insectic ides 
as well as carbaryl were commercial formulations from Chipman Inc. Limited. 
Carbaryl was a water soluble miscible liquid while the other formulations were 
emulsifiable concentrates. Dimilin and Matacil ( 1.8D OSC(T2)) were technical 
grade material. Dimilin was a powder with 99 % active ingredient. Matacil was 
formulated in oil (Ultramar stove oil) with 19.9 + 0.5% active ingredient. 
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The commercial formulations were used as stock solutions with the 
manufacturers guarantee used for insecticide concentration content. The 
technical grade Matacil was used as a stock solution. A stock solution of 
diflubenzuron was obtained by dilution with reagent grade dimethylsulfoxide 
(DMSO) from BDH chemicals. Insecticide stock solutions had the following 
concentrations; chlordane, 400 mg/ml; methoxychlor, 288 mg/ml; malathion , 500 
mg/ml; diazinon, 62.5 mg/ml; carbaryl, 150 mg/ml; Matacil, 175.8 mg/ml ; 
Dimilin, 100 mg/ml. 
2.3. ACUTE TOXICITY OF INSECTICIDES TO NEMATODES 
2.3.1. Behaviour Effects due to Direct Exposure to Insecticides 
Glass petri dishes (60 x 15 mm) were filled with 9.0 ml of appropriately 
concentrated insecticide. A stock solution of infective juvenile nematodes was 
made to a final concentration of 1000 per ml of water. The insecticide solutions 
were formulated such that when 1.0 ml of stock nematode solution was added, 
final insecticide concentrations were 1.0, 0.1, 0.01 and 0.001 mg/ml. Untreated 
and solvent-treated nematode suspensions (1% v/v) served as controls. 
Behaviour of juvenile nematodes, as described by Hara and Kaya (198.3a), \vas 
assessed after exposure to insecticides for 24, 72, 120 and 168h. T o assess 
nematode response, each petri dish was swirled several times to make an even 
suspension of nematodes. A pipette was used to remove 0.5 ml of nematode 
suspension to a clean petri dish and the response of 25 nematodes was assessed by 
mechanical stimulation with a probe. 
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Tests were conducted at 15°C and each insecticide concentration was replicated 
three times with 25 nematodes per replicate. Untreated controls were also 
examined. 
2.3.2. Infectivity Effects due to Direct Exposure to Insecticides 
Insecticide stock solutions were diluted in -1.5 ml distilled water such that the 
addition of 1.0 ml of stock infective juvenile solution ( 1000/ml) yielded final 
insecticide concentrations of 1.0, 0.1, 0.01 and 0.001 mg/ml. Both insecticide and 
nematode suspensions were added together in a glass test tube (16 x 125 mm) and 
incubated at 15°C for the incubation period. At 24, 72 , 120 and 158h, 0.62 ml of 
suspension, containing ca. 250 nematodes, were pipetted onto fil ter paper at t he 
bottom of a petri dish (50 x 15 em). Five G. mellonella larvae were placed on the 
filter paper and exposed to insecticide-treated nematodes for 48h at 15°C. After 
incubation, the larvae were washed with distilled water and pbced on fr esh , 
moistened filter paper. Five to six days after initial exposure, alive and dead 
larvae were enumerated. Dead larvae were autopsied and observed for presence 
of nematodes. Infectivity tests were conducted with all insecticides based on 
behaviour data. Larvae exposed to diazinon, chlordane and methoxychlor were 
dissected and adult nematode(s) counted. The mean number of adult nematodes 
per infected G. mellonella larva was referred to as the Infection Index (Alikhan et 
a/. 1985). Each insecticide treatment was replicated three times a t each 
concentration and time exposure, with five insects per replicate. Baseline 
Infection Index was determined with untreated nematodes. Infection Index data 
were arcsine transformed and subjected to analysis of variance and Student-
Newman-Keuls(SNK) test procedure. Nematode scores after dissection were 
subjected to analysis of variance and SNK test procedure (Sokal and Rohlf 1969). 
2.4. TOXICITY OF INSECTICIDES TO SYMBIOTIC 
BACTERIA 
2.4.1. Effect of Insecticide on Generation Time 
2.4.1.1. Bacterial Medium 
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Growth medium contained 16.0g nutrient broth, 2.0g yeast extract and l.OL 
distilled water. 
A 125 ml volume was dispensed into 500 ml flasks and a.utocla.ved at 121 °C for 
15 minutes. Media. were cooled to room temperature. These flasks were referred 
to as •experimental flasks•. 
2.4.1.2. Generation Time Determination 
A 2L flask containing 250 ml of medium was inoculated with culture from 
NBTA plates and incubated overnight at 15°C using a shaking psychrotherm 
(New Brunswick Scientific, Co.) to obtain log phase culture. A sterile pipette was 
used to inoculate a volume of the log phase culture into fresh experimental flasks 
until just turbid. Flasks were incubated at 15°C using a shaking psychrotherm 
(90-100 rpm) . At time zero and subsequently every two hours , a 1.0 ml aliquot of 
culture was aseptically withdrawn and the optical density (O.D.) was 
spectrophotometrically measured at 600 nm (Bausch and Lomb, Schimadzu 
UV-260 Spectrophotometer). Uninoculated flasks containing insecticide were also 
incubated and optical density measured to serve as controls. 
A calibration curve was used to correct observed optical density values to true 
optical density (Lawrence and Maier 1977). An aliquot of 100 ml of the overnight 
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log phase culture was centrifuged at 12,000g for 15 minutes using a Sorval RC-.5 
centrifuge. The pellet was resuspended in 0.15 M NaCl. Centrifugation and 
washing was repeated three times. After final centrifugation , the pellet was 
resuspended in 2.0 ml of 0.015 M NaCl and 0.2 ml of of this thick suspensiOn 
dispensed into a 9.8 ml blank. Five milliliters of vortexed suspension was 
transferred to a new 5.0 ml saline blank. This was repeated six additional times. 
The optical density at 600 nm was measured for each dilution. These values were 
used to calculate a unit O .D. and this value was used to correct the observed 
optical density readings (Lawrence and Maier 1977). 
Experiments were replicated four times. Mean optical density was plotted 
against each time interval. The generation time was determined using the 
following formula (Schleg~l 1986); 
t log2 
G.T.=-------
logO.D.A-logO.D.8 
where t is the time (in minutes) elapsed and O.D.A and O.D.8 represent optical 
density readings at two times during incubation. The time period of optimal 
growth was determined from mean optical densities. Generation time was 
determined by applying the formula to each of the four replicates over the 
optimal period. The mean of these four values represented the generation time of 
the bacterium in question. Generation times were logarithmically transformed 
followed by analysis of variance and SNK test procedure for significant differences 
among means. 
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2.4.1.3. Insecticide Incorporation 
All insecticides excessively clouded the medium at 1.0 and 0.1 mg/ml such that 
optical density measurement was prohibited. Malathion did not cloud medium at 
0.1 mg/ml. Generation time was determined at insecticide concentrations of 0.01 
and 0 .001 mg/ml for all insecticides along with the malathion exception. 
Stock insecticide solutions were exposed to ultraviolet light for 15 minutes prior 
to addition to experimental flasks. Flasks were shaken overnight at 15°C to 
dissolve insecticide before inoculation with bacteria. Experiments were replicated 
four times and data evaluated as noted above. 
2.4.2. Effect of Insecticide on Growth on Solid Medium 
2.4.2.1. Medium/Insecticide Incorporation 
Media were treated identically to those used m generation time experiments, 
with the addition of 1.5% agar. Sterile stock solutions of insecticide were added 
to the medium after auwc1aving and allowed to cool to room temperature. 
Viability of bacteria were tested at 1.0, 0.1, 0.01 and 0 .001 mg/ml of each 
chemical. 
2.4.2.2. Bactericidal Activity of Insecticides 
A thick cell suspension, similar to that used during in vitro reproduction tests, 
was made in nutrient broth. A dilution series was made by dispensing 1.0 ml of 
undiluted culture into a 9.0 ml sterile Ringer solution blank. This was carried out 
five more times so that a series of dilutions ranging from undiluted to 10-6 were 
made. The spread plate technique was used to inoculate 0.1 ml of suspension 
from each dilution on culture plates (Pelczar and Reid 1972). After six days 
incubation at 15°C, colonies were enumerated and tabulated at all dilutions. 
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Culture plates with less than 300 colonies were used to assess survival of 
bacteria. Accurate counts could not be made when plates contained in excess of 
.300 colonies. All dilutions were plated. Only those producing countable colonies 
were utilized in experiments. The number of colonies on control and insectic ide 
treated plates were compared. The experiment was carried out twice with two 
replicate plates per repeat for all insecticides at 1.0, 0.1, 0.01 and 0.001 mg/ml. 
In a similar experiment, an undiluted bacterial cell suspensiOn was applied to 
insecticide-treated nutrient plates; the insecticide concentration failing to produce 
visible colonies was noted. The experiment was carried out three times with two 
replicate platE:s per repeat for all insecticides at 1.0, 0.1, 0.01 and 0.001 mg/ml for 
both bacteria. Untreated and solvent-t reated DMSO controls (1% v jv) were also 
assessed. 
2.5. EFFECT OF INSECTICIDES ON IN VITRO 
REPRODUCTION OF NEMATODES 
2.5.1. Nematode Beef-Liver Medium 
A synthetic .medium was developed to promote in vitro growth of the 
entomogenous nematodes. This medium was termed Beef-Liver medium (BL 
medium) and contained 8.0g nutrient broth, 5.0g beef extract, 5.0g liver extract, 
15.0g Bacto-Agar and 1.01 distilled water. The medium was boiled to dissolve 
the nutrients and 250 ml of medium was dispensed in 500 ml flasks. Media were 
autoclaved under pressure at 121 °C for 15 minutes and then cooled to 50°C 
before · addition of insecticide. 
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2.5.2. Insecticide Incorporation 
Open glass vials of insecticide stock solution and/or appropriate dilutions of 
insecticide were placed under ultraviolet light in a containment cabinet for 15 
minutes. An appropriate volume of insecticide was added to each flask to give 
final insecticide concentrations of 1.0, 0.1, 0.01 and 0.001 mg/ml of BL medium. 
A 30-35 ml volume of medium was poured from each flask into six plastic petri 
plates (100 x 15 mm), and cooled to room temperature. 
2.5.3. BL Agar Plate Inoculation 
A suspension of nematodes was centrifuged at 300 rpm for five minutes to pellet 
the nematodes into a thick suspension. Nematodes were resuspended in a sterile 
centrifuge tube with sterile 0.05% Hyarnine and incubated for 30 minutes at 15°C 
with frequent agitation to accomplish the surface sterilization. Following 
incubation, nematodes were washed three times in sterile Ringer solution (Barka 
and Anderson 1965). The concentration of nematodes was adjusted to give 100 
juveniles per 0.1-0.3 ml of Ringer solution. 
A thick suspension of the associated bacteria was made in sterile nutrien t broth 
and swabbed over the BL medium. 
One hundred surface sterile nematodes were pipetted upon the surface of the BL 
agar and the plate sealed with a ParafilmR strip. Plates were incubated at 15°C 
for 14 days. 
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2.5.4. Nematode Recovery from BL Medium 
At 14 days post-inoculation, nematodes were recovered from each plate by 
flooding 10 ml of Ringer solution on each plate and swirling for 10-20 seconds. 
The suspension was poured into a plastic petri dish and adults and juveniles were 
either counted in total or, in the case of a dense population, diluted in a 
graduated cylinder and the population estimated from values obtained from the 
average of three aliquots. Toxicity to nematode reproductive potential was 
assessed at 1.0, 0.1 , 0.01 and 0.001 mg/ml with three repeats at each 
concentration and six replicates per repeat. Control growth, in the absence of 
insecticide, was also determined. A DMSO solvent control was assessed at 1% 
(v/v). Nematode population was scored from 1 to 7 based on the number of 
juveniles. A score of 1 indicated the juvenile population did not exceed the initial 
inoculum. A score of 2 indicated more than 100 but fewer than 500 juveniles, up 
to a score of 7 wf..ich indicated maximum nematode development and 
reproduction (Table 3-5). This scoring method was adapted from Hara and Kaya 
{1983a). Population scores were subjected to Kruskal-Wallis analysis of variance 
and non-parametric multiple comparisons (Zar 1984). 
2.6. MIGRATION OF NEMATODES IN SOIL 
2.6.1. Soil Column Preparation 
Five 2 em (deep) x 5 em (diameter) plastic rings were fastened together with 
adhesive tape to form a 10 em vertical cylinder. Ten late instar G. mellonella 
larvae were secured at the base of the cylinder with several layers of cheesecloth 
and elastic bands. Pro-MixR, presterilized soil was sifted through a Canadian 
21 
Standard sieve to give soil with particle stze below 850J.Lm. Soil was dried 
overnight at 50°C, then mi..xed with distilled water in a 3:1 rat io until 
homogeneous. Cylinders were filled with 90-lOOg of soil mixture, the soil was 
allowed to settle by gentle tapping of the cylinder against the work bench. 
Cylinders were covered with aluminum foil , to prevent evaporation, and held 
vertically at 15°C overnight. Columns without G .mellonella at the base served as 
controls. 
2.6.2. Column Inoculation 
Stock solutions of either LlC or 5B nematodes were adjusted to yield a fin al 
concentration of nematodes of 3000 per 0.5-1.0 ml. 
Aluminum foil was removed from the top of the cylinder, a small amount of soil 
cleared to the perimeter, and 3000 nematodes inoculated into the soil. The soil 
was pushed gently back into pia.ce and the foil cover replaced. Cylinders were 
incubated vertica.l.'y at 15°C for 48h. 
2.6.3. Enumeration of Migrated Nematodes 
Adhesive tape was carefully removed from the top cylinder ring and a. sheet of 
paper inserted between layers. The initial layer of soil (0-2 em) was removed and 
placed on cheesecloth which was then fastened with an elastic band. The soil was 
placed in a Baermann funnel and left overnight at 17°C (Goodell 1g82; Hooper 
1986). A sufficient volume of distilled water was added to cover the soil. The 
remaining four layers of 2 centimeters each were recovered in a. similar manner. 
Approximately 20-25 ml of water was collected from each funnel and all 
nematodes counted. 
Additionally, G. mellonella recovered from each cylinder were placed in a petri 
dish on moistened filter paper. After five to seven days, these larvae were 
dissected and adult nematodes counted. Experiments were replicated ten times 
per nematode species. 
2.6.4. Insecticide Incorporation 
Insecticide was mixed with distilled water before addition to dry soil. Chlordane 
and diazinon were tested at 1.0, 0.1, 0.01 and 0.001 mg/ml distilled water with 
both nematodes (see 2.6.2). The experiments were replicated five times per 
nematode species. Columns without insects served as controls. 
Data were square-root transformed followed by analysis of variance and SNK 
test procedure (Sokal and Rohlf 1969). 
Chapter 3 
RESULTS 
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3.1. ACUTE TOXICITY OF INSECTICIDES TO NEMATODES 
3.1.1. Toxicity due to Direct Exposure of Insecticide 
Condition of nematodes after exposure to insecticides was categorically divided 
into three groups; alive, affected and dead. Affected or inactive nematodes 
typically had a J-shaped posture and responded weakly to mechanical stimulation 
with a blunt, metal probe. However, for both L1C and 5B juvenile nematodes, 
this state occurred infrequently over all time periods and insecticide 
concentrations. Dead nematodes had a straight posture and did not respond to 
mechanical stimulation. 
A proportionately large number of affected nematodes were only found for 5B 
nematodes for chlordane and diazinon at 1.0 mg/ml. Figure 3-1 shows that at 1.0 
mg/ml diazinon, there was a change in the percentage of affected nematodes over 
the time course from 54.7% to 26.7% while the percentage of dead nematodes 
increased from 24.0% to 50.7%. The proportion alive showed little change over 
the 168h incubation time (21.3-22.7% ). At 1.0 mg/ml chlordane, the effect was 
more pronounced. Affected nematodes composed 76.0% of the 24h sample and 
dead nematodes 24.0% ; by 72h 96.0% were dead and affected made up only 
4.0% . At the conclusion of the incubation time, there was 100.0% mortality. 
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Figure 3-1: Percentage of Steinernema sp. 
Newfoundland strain no. 2 ( 5B) 
juveniles alive, affected or dead 
after exposure to 1.0 mg/ml 
chlordane and 1.0 mg/ml diazinon. 
Sample statistics are mean values 
+ SD. Three replicates 
with 25 nematodes per replicate. 
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The toxic effect of the organochlorine insecticides, chlordane and methoxychlor 
on 5B nematodes is indicated in Fig. 3-2. Concentrat ions of both insecticides at 
or below 0.1 mg/ml had a negligible effect. Clearly, at 1.0 mg/ml, both chemicals 
exert a toxic effect on the nematode. Mortality of 5B rose from 24.0% to 96.0% 
after exposure to chlordane, while methoxychlor was lethal to 80.0% of the 
population by 72h. 
Figure 3-3 depicts the toxic effect of concentration on 5B by the 
organophosphate insecticide, diazinon. The chemical was toxic at 1.0 mg/ml as 
there was 50.7% mortality while only 22.7% were alive (Fig. 3-1). 
The other organophosphate insecticide, malathion, and the carbamate 
insecticides, carbaryl and Matacil and the insect growth regulator Dimilin, showed 
no observable effect on 5B nematodes over all tested concentrations. 
The organochlorine insecticides, chlordane and methoxychlor were toxic to 
juvenile L1C nematodes. Figure 3 t shows that mortality at 24h was above 50% 
for both chemicals at 1.0 mg/ml and rose above 75.0% at 168h for both chlordane 
{85.3%) and methoxychlor (77.3%). At and below 0.1 mg/ml there was no toxic 
effect. 
The organophosphate insecticide, diazinon, showed toxicity to L1C over the 
time course of the experiment (Fig. 3-5). There was no mortality at 24h but 
mortality increased to 45.3% by 168h. Unlike 5B, the carbamate insecticide, 
carbaryl, exerts a toxic effect on L1C. There was 13.3% mortality at 24h and this 
rose to 22.7% by 168h for 1.0 mg/ml. As well, there was some mortality (8.0% ) 
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Figure 3-3: Percent mortality of Steinernema sp. 
Newfoundland strain no. 2 (5B) 
juvenile nematodes after exposure 
to the organophosphate insecticide, 
diazinon. Insecticide concentrations 
were as indicated, mg/ml. 
Sample statistics are mean 
values + SD. Three 
replicates with 25 nematodes per 
replicate. 
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for 1.0 mg/ml at 168h. Although mortality was low, it was significantly higher 
than the lower carbaryl concentrations and controls. Dimilin, Matacil and 
malathion were not toxic to L1C juvenile nematodes at < 1.0 mg/ml. Thus, the 
toxic effects of certain insecticides were usually at concentrations of 1.0 mg/ml for 
both nematodes. 
3.1.2. Efficacy of Nematodes After Insecticide Exposure 
Infection of G. mellonella larvae by 5B juvenile nematodes was significantly 
lower (P <0.05) at 1.0 mg/ml chlordane after 72h and at 1.0 mg/ml methoxychlor 
after 24h (Table 3-1 ). 
High rates of nematode mortality lead to poor infection success. This 
relationship was evident upon comparison of Fig. 3-3 and Table 3-1. Table 3-1 
shows that the organophosphate insecticide malathion, the carbamates, carbaryl 
and Matacil as well as the insect growth regulator Dimilin, did not significantly 
affect infection success. 
Table 3-2 shows Infection Indices for 5B at varymg concentrations of 
methoxychlor, chlordane and diazinon. Generally, Infection Indices for 5B were 
not significantly different at ~0.1 mg/ml for all three insecticides over the 
incubation period. There was a significant reduction ( cf. controls) in the Infection 
Index of nematodes exposed to diazinon and methoxychlor for 120h. Such a 
significant effect was not shown by nematodes that had been exposed to these 
insecticides for 168h. 
Comparison of Fig. 3-2 and Table 3-2 for chlordane at 1.0 mg/ml shows that at 
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Figure 3-5: Percent mortality of Steinernema sp. 
Newfoundland strain no. 1 (LlC) after 
exposure to the organophosphate 
diazinon and carbamate insecticide, 
carbaryl. Insecticide concentrations 
were as indicated, mg/ml. Sample 
statistics are mean values + SD. 
Three replicates with 25 
nematodes per replicate. 
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Table 3-1: Recovery of Steinernema sp. Newfoundland strain no. 2 (.5B) 
after exposure to insecticides and subsequent infection 
Concentration 
(mg/ml) 24 
0 . 0 100 
0.001 100 
0 . 01 100 
0 . 1 100 
1.0 80 
(0 . 0) 
in G. mellonella larvae.+ 
" G . mellonella with nematodes after 
exposure(h) to insecticides 
Chlordane 
Organochlorines 
Methoxychlor 
72 120 168 24-168 
100 100 100 100 
100 100 100 100 
100 100 100 100 
100 100 100 100 
13* 13* o* o* 
(11.5) (11. 5) 
Organophosphates 
Malathion Diazinon 
24 72 120 168 24 72 120 168 
0.0 100 100 100 100 100 100 100 100 
0.001 100 100 100 100 100 100 100 100 
0 . 01 100 100 100 100 100 100 100 100 
0.1 100 100 100 100 100 100 100 100 
1.0 100 93 100 93 93 93 40* so* 
(11 . 5) (11.5) (11. 5) (11. 5) (20. 0) (20 . 0) 
Carbamate a Insect Growth Regulator 
Carbaryl Matacil Dimilin 
24 72 120 168 24-168 24-168 
0 . 0 100 100 100 100 100 100 
0.001 100 100 100 100 100 100 
0 . 01 100 100 100 100 100 100 
0.1 100 100 100 100 100 100 
1.0 100 93 80 87 100 100 
(11. 5) (0 . 0) (23 . 1) 
0 . 0 (S . C.) ... + 100 
+combined data of three replicates with five larvae 
per replicate. Standard deviations are bracketed. Standard 
deviation was +0 . 0 unless indicated. 
++Solvent-treated control (1" v/v) . 
*significantly different (P<0.05) from control by SNK test . 
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Table 3-2: Recovery of Steinernema sp. Newfoundland strain no . 2 (5B) from G. 1nellonella 
by dissection after exposure to selected insecticides . Sample statistics are mean + SD. + 
Insecticide 
Cone . 
(mg/ml) 24h 
Methoxychlor 
1 . 0 0 . 0 (0) aA 
6 . 9 ! 3.2(15) aB 
6.3! 2.5(15) aB 
5 .3! 1.9(15) aB 
4 .8 ! 2.4(15) aB 
0 . 1 
0 .01 
0 . 001 
0.0 
Diazinon 
1 . 0 6 .5! 2.0(11) aA 
0.1 6 .7! 1.7(15) aA 
0 . 01 5 .5! 2 . 2(15) aA 
0 . 001 5 .4! 2.3(15) aA 
0.0 4 .8 ! 2.4(15) aB 
Chlordane 
1.0 5 .0! 1 . 7(11) aA 
0.1 4 .5! 2 . 2(15) aA 
0 . 01 4.0! 2 . 1(15) aA 
0 . 001 3.9 ! 1 . 9(15) aA 
0 . 0 4 .8 ! 2 .4(15) aB 
+Sample size is bracketed 
Mean No. Nematodes per Larvae ++ 
72h 120h 
0. 0 (0) aA 
3.7! 1.5(15) bB 
4 .2! 2.7(15) aB 
3 . 3 + 1.6(15) bB 
4 . 7 + 1.9(15) aB 
3.9 + 1 . 9(14) bA 
3.4 + 1.3(15) bA 
3 .3 + 1.1(15) bA 
3.3 + 1.4(15) bA 
4.7 + 1.9(15) aB 
0 . 0 (0) bA 
4.5 + 1.7(15) aB 
5 .3! 1.9(15) aB 
4 .8! 2.1(15) abB 
4 . 7 + 1 . 9(15) aB 
0 . 0 (0) aA 
4 .1! 1.4(15) bB 
6.1! 2.0(15) aC 
5.3! 1 .4(15) aBC 
5 . 9 ! 2.3(15) aC 
1 .5 + 0 .8 (6) cA 
4.2! 1 . 6(15) bB 
5.1! 2 . 1(15) aBC 
3.9 ! 1 . 2(15) bB 
5.9 ! 2 . 3(15) aC 
1.0 + 0.0 (2) bA 
4.9! 1 . 9(15) aB 
5 .3! 2.1(15) aB 
6 .1! 2 . 2(15) bB 
5 . 9 ! 2 . 3(15) aC 
168h 
0 .0 (0) aA 
4 . 7 + 1 .3(15) bB 
4 .5! 1 .3(15) aB 
4 .5 ! 1 .4(15) aB 
5 .7! 2 . 3(15) aB 
1. 2 + 0 . 4 (9) cA 
3 .3! 1 .2(15) bB 
4 .2! 1 .7(15) abC 
4 .2! 1 .7(15) abB 
5 .7! 2 . 3(15) aB 
0 .0 (0) bA 
5 .8 + 2 . 9 (15) aB 
5 .6 ! 2 .5(15) aB 
5 .4 ! 2 .5(15) abB 
5 .7 ! 2 .3 (15) aB 
++Means followed by different lowercase letters in a row and by di f f erent upper case l ett ers in a 
column are significantly different (P<0 . 05) by SNK test . 
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72h when mortality was high, the Infection Index was 0.0. At 24h, there was 
enough survival to not significantly alter the Infectivity Index of 5B. A similar 
comparison can be made when diazinon was compared from Fig. 3-3 and T able 
3-2. Mortality increases at 120h were coincident with a significant drop in the 
Infectivity Index at 120h at 1.0 mg/ml concentration. 
Infection of G. mellonella larvae by L1C juveniles was significantly lower 
(P <0.05) for nematodes treated with chlordane and methoxychlor. Comparison of 
Fig. 3-4 with Table 3-3 illustrates the relationship between mortality and infection 
success. Diazinon and carbaryl (Fig. 3-5), increased mortality at 1.0 mg/ml, but 
did not significantly affect the capacity of juveniles to infect G. mellone/la. The 
other insecticides showed no significant effect on Infection Index of 5B nematodes. 
Chlordane showed no sublethal effects to L1C nematodes at concentrations 
~0.1 mg/ml. Likewise, methoxychlor did not show significant effects on Infection 
Index at concentrations <0.1 mg/ml (Table 3-4). Both these chemicals were toxic 
to L1C infective juveniles at 1.0 mgfml (Fig. 3-4) and as a result, the Infection 
Index was significantly lower, as most nematodes were killed by the chemical. 
3.2. TOXICITY OF INSECTICIDES TO IN VITRO 
REPRODUCTION 
Although adult nematodes were counted along with juveniles, the total was 
frequently low; accurate estimation of the adult population after the dilution 
procedure was suspect as small differences in counts in a dilution contributed to 
large differences in adult population estimation. Nematodes were scored from 1-7 
based on the number of juveniles (Table 3-5). 
Table 3-3: Recovery of Steinernema sp. Newfoundland strain no. 1 (LlC) 
after exposure to insecticides and subsequent infection in 
Concentration 
(mg/ml) 24 
0 . 0 
0 . 001 
0 . 01 
0.1 
1.0 
0 . 0 
0 . 001 
0 . 01 
0 . 1 
1.0 
100 
100 
100 
100 
a* 
(11.5) 
G. mellonella. + 
" G. me/lonella with nematodes after 
exposure(h) to insecticides 
Organochlorines 
Chlordane Methoxychlor 
72 120 168 24 72 120 
100 100 
100 100 
100 100 
100 100 
o* 13* 
(23. 1) 
Malathion 
24-168 
100 
100 
100 
100 
100 
100 100 100 100 
100 100 100 100 
100 100 100 100 
100 100 100 100 
o* o* o* o* 
(11 . 5) 
Organophosphates 
Diazinon 
24 72-120 168 
100 100 100 
100 100 100 
100 100 100 
100 100 100 
93 100 80 
168 
100 
100 
100 
100 
o* 
(11. 5) (34 . 6) 
0 . 0 
0.001 
0 . 01 
0 . 1 
1.0 
0 . 0 (S . C. ) + + 
Carbamates 
Carbaryl 
24-168 
100 
100 
100 
100 
100 
Matacil 
24-168 
100 
100 
100 
100 
100 
Insect Growth Regulator 
Dimilin 
24-168 
100 
100 
100 
100 
100 
100 
+Combined data of three replicates with five larvae per 
replicate . Standard deviations are bracketed. Standard 
deviations were +0 . 0 unless indicated. 
++Solvent-treated control (1" v/v). 
*significantly different (P<0 . 05) from control by SNK test . 
39 
Table 3-4: Recovery of Steinernema sp . Newfoundland strain no . 1 (L1C) from G. mellonella 
by dissection after exposure to selected insecticides . Sample statistics are mean + SD. + 
Insecticide 
Cone. 
(mg/ml) 24h 
Methoxychlor 
1 .0 1 . 0 (1) aA 
6 .9 ! 1 .9(15) aB 
8 . 5 ! 3.2(15) aB 
6.1! 2 . 2(15) aB 
6.9 ! 3 . 2(15) aB 
0.1 
0.01 
0.001 
0 .0 
Diazinon 
1 .0 
0 . 1 
0.01 
0.001 
0.0 
4 .3 ! 2 . 2(14) aA 
5.2 ! 1 .4(15) aAB 
4 .9! 2 . 1(15) aAB 
5.9! 1 . 7(15) aAB 
6 .9 ! 3.2(15) aB 
Chlordane 
1.0 1.0 (1) aA 
8 .0 + 2 . 1(15) aB 
7.3! 2 . 6(15) aB 
7 .3! 2.7(15) aB 
6 .9 ! 3.2(15) aB 
0 . 1 
0 .01 
0 .001 
0.0 
+Sample size is bracketed 
Mean No. Nematodes per Larvae++ 
72h 120h 
0.0 (0) aA 
7 .2 + 2.2(15) aB 
7 .7! 2.2(16) abB 
6 .0 ! 2.0(15) aB 
7 .3! 2 . 1(16) aB 
7 .1! 2.6(15) bA 
7.3! 2.5(15) bA 
7.3! 1.9(15) bA 
8.1! 1.8(15) bA 
7.3! 2.1(15) aA 
0.0 (0) aA 
7 .1! 2 .5(15) aB 
7 .4! 1.4(15) aB 
7 .1! 2.7(15) aB 
7 .3! 2.1(15) aB 
0 .0 (0) aA 
7 .4! 2.3(15) aB 
6 .1! 1.6(15) bB 
6.4 ! 3.2(15) aB 
6 .9 ! 2.9(15) aB 
6.3! 2 .7(15) bA 
7.3! 2.1(15) bA 
6 .6 ! 3.0(15) abA 
6.2 ! 2.5(15) aA 
6.9 ! 2.9(15) aA 
1. 0 + 0. 0 (2) aA 
7.4! 1.3(15) aB 
6 . 1 ! 1. 7 (15) aB 
6 .3 ! 2.3(15) aB 
6.9 ! 2 .9(15) aB 
168h 
0 .0 (0) aA 
8 .1! 3 .1(15) aB 
8 .7! 3 .3(15) aB 
9 .3! 3 . 2(15) bB 
8 . 6 ! 2 .3(15) aB 
3 .0! 2 . 1 (12) aA 
6 .6! 1.2(15) bB 
8 .2! 3 . 1(15) bBC 
6 . 3 ! 2 . 0(15) aB 
8.6 ! 2 . 3(15) aC 
0 .0 (0) aA 
8 .9 + 2 . 7(15) aB 
7 .9! 3 . 4(15) aB 
8 .5 ! 3 . 2(15) aB 
8 .6 ! 2 . 3(15) aB 
++Means followed by different lowercase letters in a row and by di f f erent uppercase letters in a 
column are significantly different (P<0 .05) by SNK t est . 
Table 3-5: Population scores of nematodes based on the 
number of juveniles at 14 days post-inoculation. 
Score** 
1 
2 
3 
4 
5 
6 
7 
Number of Nematodes* 
Juveniles 
>0+ 
>100 
>500 
>1000 
>5000 
>10,000 
>50,000 
*Number of juveniles in 10 ml of Ringer 
solution after harvesting from LB medium . 
**Adapted from Hara and Kaya (1983a). 
+Initial inoculum. 
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The organophosphate insecticides inhibited reproductive development of 5B. 
Both malathion and diazinon were toxic at >0.001 mg/ml (Table 3-6). 
Methoxychlor was significantly toxic (P <0.05) at 1.0 mg/ml while the other 
organochlorine, chlordane, was toxic at >0.01 mg/ml. Matacil was toxic to 58 at 
>0.001 mg/ml. Concentrations of 1.0 and 0.1 were more toxic than 0.01 and 
0.001 mg/ml. Control, DMSO control (1% vjv) and 0.001 mg/ml of Dimilin were 
not significantly different. 
Table 3-7 indicates the toxicity of all insecticides to LlC nematode 
reproduction. Both diazinon and malathion were significantly toxic at >0.01 
mg/ml. L1C was susceptible to methoxychlor at 2:_0.1 mg/ml, while chlordane 
was toxic at 2:_0.01 mg/ml. Carbaryl was toxic to L1C at 0.1 and 1.0 mg/ml. The 
other carbamate insecticide, Matacil, was toxic at 0.1 mgjml and 1.0 mg/ml. 
However, toxicity at 0.01 mg/ml was not significantly different from control 
growth but was more lethal to nematode development than exposure to 0.001 
mg/ml. The action of the insect growth regulator, although toxic at 0.01 and 1.0 
mg/ml, was low relative to the other six insecticides. 
3.3. EFFECT OF INSECTICIDE ON SYMBIOTIC BACTERIA 
3.3.1. Effect on Generation Time 
The generation or doubling time of Xenorhabdus sp. isolate from 5B at 15°C 
was found to be 115.5 + 7.2 minutes (Table 3-8). Both organochlorine insecticides 
at the concentrations tested (0.01, 0.001 mg/ml) did not significantly affect 
generation time. The organophosphate insecticide, malathion , significantly 
Table 3-6 : E ffect of insecticides on in vitro development of 
Steinernema sp. Newfoundland strain no. 2 (5B) juvenile 
nematodes. Sample statistics are mean population 
scores + SD (n=l8). 
Concentration 
(mg/ml) 
0.0 
0 . 001 
0 . 01 
0 . 1 
1 . 0 
0 . 0 
0 . 001 
0 . 01 
0 . 1 
1.0 
0 . 0 
0 . 001 
0.01 
0.1 
1.0 
O. O(S .C. )+ 
0.0 
0.001 
0 . 01 
0 . 1 
1.0 
Mean Population Scores* 
Organochlorines 
Chlordane Methoxychlor 
4 .4 + 0 .8 A 4 . 4 + 0 .8 A 
- -
3 . 6 + 0 .9 A 3 . 9 + 1.1 A 
- -
1.0 + 0 .0 B 4.1 + 0 . 2 A 
-1.3 + 0.7 B 3 . 6 + 1.1A 
-
1.0 + 0 .0 B 1.0 + 0 . 0 B 
- -
OrganoEhosEhates 
Malathion Diazinon 
4 .4 + 0 .8 A 4 . 4 + 0 . 8 A 
-
2.2 + 1.3B 1.3 + 0 . 8 B 
-
2 . 2 + 1.3B 1.0 + 0 . 0 B 
- -
1.0 + 0.0 B 1.0 + 0 . 0 B 
- -
1.0 + 0.0 B 1.0 + 0 . 0 B 
- -
Carbamates 
Carbaryl Matacil 
4 .4 + 0.8 A 4 . 4 + 0 .8 A 
- -
3 .5 + 0 .9 AB 2 .8 + 1.2B 
- -
2 . 2 + 1.2 BC 2.7 + 1.4 B 
- -
1.3 + 0 .5 c 1.0 + 0.0 c 
- -
1 . 1 + 0.2 c 1.0 + 0 . 0 c 
Insect Growth Regulator 
Dimilin 
4 .0 + 0 .6 A 
4.4 + 0 .8 A 
-
3.5 + 1.0 AB 
-
2.9 + 1 .3 BC 
2 . 1 + 1 .3 CD 
-
1.2 + 0.5 D 
*All scores followed by different uppercase letters in 
a column were significantly different (P<0 . 05) by 
nonparametric multiple comparisons procedure . 
+Solvent-treated control (11 v/v). 
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Table 3-7: Effect of insecticides on in vitro development of 
Steinernema sp. Newfoundland strain no. 1 (LlC) juvenile 
nematodes. Sample statistics are mean 
population scores + SD (n= 18). 
Mean PoEulation Scores * 
Concentration 
(mg/ml) 
0.0 
0 . 001 
0 . 01 
0.1 
1.0 
0.0 
0 . 001 
0.01 
0.1 
1.0 
0 . 0 
0 . 001 
0 . 01 
0.1 
1.0 
O. O(S.C.)+ 
0.0 
0 . 001 
0 . 01 
0.1 
1.0 
Organochlorines 
Chlordane 
4 . 1 + 1 .2 A 
-3 . 4 + 1.0 AB 
-
2 . 1 + 1 .3 BC 
-
1. 9 + 0 .9 c 
1.0 + 0 .0 c 
-
OrganoEhOSEhates 
Malathion 
4 . 1 + 1.2A 
2 . 5 + 1.2 AB 
-
2 . 0 + 1 . 1 BC 
-
1.0 + 0 .0 c 
1.0 + 0 .0 c 
- Carbamate a 
Carbaryl 
4 . 1 + 1.2 A 
3 .4 + 0 .7 A 
3.7 + 1.5A 
-1 . 1 + 0 . 5 B 
-
1 . 0 + 0 . 0 B 
-
Insect Growth Regulator 
Dimilin 
4 . 0 + 0 . 0 A 
4.1 + 1.2 A 
3 . 9 + 1.8A 
-
2 . 4 + 1.4B 
-
3.2 + 1.5 AB 
-
2.0 + 1.1B 
-
Methoxychlor 
4 . 1 + 1.2 A 
-
3 . 3 + 1. 7 AB 
-
3 . 9 + 1.9A 
-1.9 + 1.5B 
-
1 . 0 + 0 . 0 c 
-
Diazinon 
4 . 1 + 1.2A 
-
4.1 + 1.3 A 
-
1.0 + 0 . 0 B 
-
1.0 + 0 . 0 B 
-
1.0 + 0.0 B 
Matacil 
4 . 1 + 1.2 AB 
5.1 + 0 . 9 A 
2 . 7 + 1.1B 
1.1 + 0.3 c 
-
1.0 + 0 . 0 c 
-
*All scores followed by different uppercase letters in 
a column were significantly different (P<0.05) by 
nonparametric multiple comparisons . 
+Solvent-treated control (11 v/v). 
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increased generation t ime at 0.1 mg/ml and diazinon also increased generation 
time at 0.01 mg/ml. The carbamate insecticide, Matacil, did not significantly 
affect generation time while carbaryl caused an increase in the doubling time at 
0.01 mg/ml. The insect growth regulator Dimilin significantly lowered generation 
time at 0.001 mg/ml. This effect was likely due to DMSO as the solvent control 
(DMSO 1% v jv) was significantly lower than baseline generation time. 
The generation time of Xenorhabdus sp. isolate from L1C at 15°C was 90.2 + 
5.9 minutes (Table 3-9). Chlordane increased generation time at 0.01 mg/ml while 
the other organochlorine did not affect generation time at 0.01 and 0.001 mg/ml. 
Malathion increased generation time at 0.1 mg/ml, while diazinon significantly 
increased (P <0.05) generation time at 0.01 and 0.001 mg/ml. Both carbamates 
increased the doubling t.ime of L1C bacteria at both test concentrations. Dimilin 
exerted a toxic effect on generation time at 0.01 and 0.001 mg/ml. DMSO did not 
significantly alter generation time of the L1C bacterial symbiont. 
3.3.2. Insecticidal EfTect on Growth on So lid Media 
The organochlorine insecticides affected low cell numbers ( <300) of both the 
Xenorhabdus sp. from L1C and Xenorhabdus sp. isolate from 5B at 1.0 mgjml. 
The L1C isolate was sensitive to both organochlorines at 0.1 mgjml, whereas the 
5B bacteria was not (Table 3-10 and Table 3-11). Methoxychlor affected low 
numbers of bacterial isolate L1C over all tested concentrations. However, enough 
cells from a thick cell suspension of either bacterial isolate, survived to form a 
confluent lawn of growth on plates treated with either chlordane or methoxychlor 
at < 1.0 mg/ml (Table 3-12). 
Table 3-8: Generation times of Xenorhabdus sp. (5B) in broth medium+ 
containing insecticide. Sample statistics are mean + SD (n=4). 
Insecticide Concentration(mg/ml) 
Insecticide 0 .1 0.01 0 . 001 0 . 0 
Chlordane 109 . 7 111.6 116 . 6 
(5 . 6) * * (7. 4) (7 . 2) 
Methoxychlor 113.2 110.4 116.6 
(5 . 3) (0. 9) (7.2) 
Malathion 251.4 * 107 . 1 110.4 116 . 6 
(142 . 1) (1. 3) (5. 6) (7. 2) 
Diazinon 137.2* 112 .8 116.6 
(5 . 4) (3 . 8) (7 . 2) 
Carbaryl 138 . 2* 117.7 116 . 6 
(16.5) (5. 6) (7 . 2) 
Matacil 109.8 100.4 116.6 
(10.3) (7. 2) (7 . 2) 
Dimilin 122.9 108.6* 116.6 
(2 . 6) (2. 6) (7. 2) 
S.C.++ 107.6* 
(2. 8) 
+Growth medium contains 1.61 nutrient broth and 0.21 yeast 
extract incubated at 15°C. 
++Solvent-treated control (11v/v) . 
*Represents mean significantly different (P<0.06) from 
control by SNK test. 
**Bracketed values are + standard deviation. 
46 
Table 3-D: Generation times of Xenorhabdus sp. (LlC) in broth medium+ 
containing insecticide. Sample statistics are mean + SD (n= 4). 
Insecticide Concentration(mg/ml) 
Insecticide 0 . 1 0.01 0 .001 0 . 0 
Chlordane 136.7* 88 . 8 90.2 
(18.8)++ (4 . 1) (6 . 9) 
Methoxychlor 97.8 100.1 90.2 
(4 . 6) (9. 2) (6. 9) 
Malathion 121.9* 90.6 97.6 90.2 
(2. 6) (2. 1) (7 . 7) (6. 9) 
Diazinon 167.1* 106.3* 90 . 2 
(30. 3) (8 . 6) (6.9) 
Carbaryl 82.2* 8o.o* 90.2 
(1. 8) (1. 7) (6. 9) 
Matacil 137.9* 104.4* 90.2 
(16. 7) (2. 6) (6.9) 
Dimilin 102 .4* 1.27.9* 90 . 2 
(6 . 3) (11.1) (6. 9) 
s.c.++ 97.9 
(4.4) 
+Growth medium contains 1 . 6~ nutrient broth and 0 . 2~ yeast 
extract incubated at 16°C. 
++Solvent-treated control (11 v/v). 
*Represents means significantly different (P<0.06) from 
control by SNK test. 
++Bracketed values are +standard deviation . 
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Table 3-10: Survival of Xenorhabdus sp. {5B) on insecticide-
treated media 6 days after initial exposure. * 
Concentration Mean ~ Survi val + SD (n=2) 
(mg/ ml) 
Carbaryl Matacil Dimilin 
1.0 0.0 + 0 . 0 0 .0 + 0.0 58 . 3 + 17 . 3 
- -
0.1 0 . 0 + 0 . 0 0 .0 + 0.0 61. 5 + 0 . 2 
- -
0 . 01 100 . 0 + 0.0 0 .0 + 0.0 53 . 5 + 10 . 2 
- -
0.001 99 . 7 + 0 . 3 0.0 + 0 . 0 44 . 6 + 
-
Chlordane Methoxychlor 
1.0 0 .0 + 0.0 0 . 0 + 0 . 0 
- -
0.1 9 . 0 + 12 . 7 94 . 7 + 7 . 4 
- -
0 . 01 82 . 1 + 25 . 2 100.0 + 0 . 0 
- -
0 . 001 100 . 0 + 0 .0 83 . 9 + 22 . 8 
-
Diazinon Malathion 
1 . 0 0. 0 + 0.0 1 . 5 + 0 . 2 
- -
0 . 1 0.0 + 0.0 94 . 3 + 8 . 0 
- -
0 . 01 100 . 0 + 0.0 100 . 0 + 0 . 0 
- -
0 . 001 100 . 0 + 0 .0 100 . 0 + 0 . 0 
- -
*Nutrient broth (1.6~). yeast extract (0.21). agar (1 . 5~). 
incubation at 15° C. 
+100 ~ survival of bacteria on solvent-treated 
(DMSO) control (1 ~ v/v). 
8.3 
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Table 3-11: Survival of Xenorhabdus sp. (LlC) on insecticide-
t reated media 6 days after initial exposure. * 
Conc ~ ntration Mean ~ Survival + SD (n=2) 
(mg/ml ) 
Carbaryl 
0.0 + 0 .0 
Matacil Di milin 
1 . 0 
0 .1 0 . 0 + 0 . 0 
0 . 01 15.5 + 8 . 3 
0 . 001 
1.0 
0.1 
0 . 01 
0 . 001 
1.0 
0.1 
0.01 
0 . 001 
33 . 9 + 32 . 7 
Chlordane 
0 . 0 + 0.0 
1.5 + 2 . 2 
17 . 0 + 0.0 
100.0 + 0 . 0 
Diazinon 
0.0 + 0.0 
5.7 + 4 . 0 
100.0 + 0 . 0 
100.0. + 0 . 0 
0.0 + 
-
0 . 0 + 
-
0.0 + 
-
7.0 + 
-
0.0 0 . 0 
0 . 0 0 . 0 
0.0 4 . 7 
5 . 9 17 .4 
Methoxychlor 
0 . 0 + 0.0 
1.9 + 1 . 6 
21.2 + 22 . 0 
12 .5 + 12.6 
Malathion 
0 . 0 + 0.0 
27 . 5 + 23 . 1 
100 . 0 + 0.0 
98.0 + 0.0 
+ 
-
+ 
-
+ 
-
+ 
-
*Nutrient broth (1.6~). yeast extract (0 . 2~). agar (1 . 5~). 
incubation at 15°C. 
+100 I survival of bacteria on solvent-treated 
(DMSO) control (1~ v/v) . 
0 . 0 
0.0 
4 . 9 
21 .8 
4~) 
Table 3-12: Minimum insecticide concentration failing to produce 
visible colonies on insectic ide-t reated nutrient plates.+ 
Minimum Inhibitory Concentration 
Species 
Insecticide 
Class Insecticide L1C 5B 
Chlordane >1. o* >1.0 
Organochlorine 
Methoxychlor >1.0 >1.0 
Malathion >1. 0 >1. 0 
Organophosphate 
Diazinon 1.0 1.0 
Carbaryl 0 . 1 + + 0.1 
Carbamate 
Matacil 1.0 >1.0 
Insect Growth Dimilin >1. 0 >1 .0 
Regulator 
S.C . * * >1.0 >1.0 
+A thick cell suspension, similar to that used for 
in vitro nematode growth experiments, was inoculated 
on nutrient broth (1.6~), yeast extract (0.2~), agar 
(1 . 5~); incubation at 15°C for 6 days . 
++Six replicate plates per chemical were tested. 
*The minimum inhibitory concentration was above the 
upper practical concentration of insecticide utilized 
in experimental procedures . 
**solvent treated control (1~ v/v). 
(mg/ml) 
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3.4. MIGRATION OF NEMATODES IN SOIL 
3.4.1. EfTect of G. mellonella larvae on Migration 
The presence of ten G. mellonella larvae at the base of a soil column 
significantly (P<0.05) affected the degree of migration of both L1C and 5B 
infective juveniles. Table 3-13 shows that the percentage of inoculated nematodes 
reaching the 8-10 em depth in the cylinder was significantly different (P <0.05) in 
cylinders containing G. mellonella (8.g%) from those in cylinders without G. 
mellonella larvae (0.0%). Likewise, L1C nematodes migrated in significant 
numbers in cylinders with larvae (2.7% ) as opposed to cylinders without larvae 
(0.1 %) (Table 3-14). Larger numbers of nematodes migrated from the top layer in 
cylinders with larvae at the base. 
Although the magnitude of migration in the middle layers (2-8 em) of the 
cylinders was not significantly different there was a trend towards more 
downward migration in cylinders with G. mellonella larvae for both L1C and SB 
nematodes. 
Recovery of nematodes between cylinders with and without G. mellonella were 
not significantly different within species (Table 3-15). LlC recovery in the 
absence of G. mellonella was significantly more than SB nematodes 
Depth (em) 
0-2 
2-4 
4-6 
6-8 
8-10 
T a ble 3-13: Vertical distribution of Steinernema sp. 
Newfoundland str ain no. 2 (5B) infective juveniles 
in the presence and absence of ten G. mellonella 
larvae located at the base of a 10 em soil column 48h 
after placement of 3000 nematodes in t he top soil layer. 
Mean No . Juveniles± SD (n=10)* 
1684 . 2 + 173 .8 A a 2290.2 + 140 .0 A a 
-
489 . 3 + 150 .8 Ba 497 . 2 + 107 . 8 Ba 
- -
286 . 3 + 71.3 Ca 158 .4 + 72 .7 Ca 
271.4 + 83.4 Ca 53 . 3 + 71.5 Da 
268 .8 + 85.6 Ca 0 .9 + 2 . 0 Eb 
-
*Means fol l owed by different uppercase letters in a column and 
different lowercase letters in a row represent significant 
differences (P<0 . 05) by SNK test . 
+P= G. mellonella larvae present at 8- 10 em depth . A= G. mellonella 
larvae absent . 
Depth (em) 
0-2 
2-4 
4- 6 
6-8 
8-10 
Table 3-14: Vertical distribution of Steinernema sp. 
Newfoundland strain no. 1 (L1C) infective juveniles 
in the presence and absence of ten G. mellonella 
larvae located at the base of a 10 em soil column 48h 
after placement of 3000 nematodes in the top soil layer . 
Mean No . Juveniles± SD (n=10)* 
1807 . 8 + 333 . 0 A a 2431 . 7 + 107 . 2 Ab 
-
736 . 1 + 240 .9 Ba 485 .7 + 166 . 1 Ba 
- -
258 . 0 + 116 .8 Ca 68 .0 + 45 . 3 Ca 
-
117 .3 + 52 . 4 Da 12 . 1 + 10.3 Da 
-
80 .8 + 48 . 9 Da 2 . 5 + 3.1 Db 
-
*Means followe~ by different uppercase letters in a column 
and different lowercase letters in a row represent significant 
di fferences (P<0 .05) by SNK test. 
+P= G. mellonella larvae present at 8-10 em depth . A= G. mellon ella 
l arvae absent . 
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Table 3-15: Recovery of infective juvenile nematodes 48h after 
inoculation of 3000 nematodes in cylinders with and without ten 
G . mellone/la larvae located at the base. 
Mean ~ Recovery ±SO (n=5) 
Species p* 
L1C 37 .4 + 6 . 6 a+ 36 .6 + 13.3 a 
5B 36 . 4 + 4.8 ab 29 . 7 + 4 .3 b 
*P= G . me/lone// a larvae present at 8-10 em depth . A= (G . mellonella) 
larvae absent . 
+Means followed by different lowercase letters represent 
significant differences (P<0 .06) by Students T-test . 
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3.4.2. Effect of Insecticides on Migration 
During this series of experimnets, nematodes were recovered from soil by the 
Baermann funnel technique. Recovery in this study was usually 30-40% of the 
original inoculum and therefore, values were converted to a proportion of the 
original inoculum. It was assumed that recovery efficiency throughout individual 
layers of soil from a single column were equal. 
The organoch~orine insecticide chlordane, had no significant (P<0.05) effect on 
migration of L1C or 5B over the range of concentrations tested (Table 3-16 and 
Table 3-17). 
The organophosphate insecticide diazinon significantly affected migration of 5B 
juvenile nematodes. Migration at ~ 0.01 mg/ml was unaffected, but at 0.1 
mg/ml diazinon, migration was significantly affected as the number of migrating 
nematodes declined at the 4-6 em level and significantly more 5B juveniles 
remained in the initial layer of soil for both 0.1 and 1.0 mg/ml concentrations 
(Table 3-18). 
Diazinon had a similar effect on L1C. At ~ 0.01 mg/ml, migration was not 
significantly altered. A larger proportion of nematodes remained in the initial 
{0-2 em) layer at 1.0 mg/ml and differences in downward migration could be 
detected in all layers. At 0.1 mg/ml, migrational difference became significant at 
the 4-6 em level (Table 3-19). 
Table 3-20 shows that recovery of L1C nematodes at 1.0 mgjml chlordane and 
5B nematodes at .2. 0.1 mg/ml was significantly different from the control. 
Table 3-16: Vertical distribution of Steinernema sp. Newfoundland strain 
Depth 
(em) 
0-2 
2-4 
4-6 
6-8 
8-10 
no . 2 (5B) infective juveniles in chlordane-treated soil columns 48 hours 
after inoculation of 3000 nematodes in top soil layer . 
0.0 
1638.8 Aa 
<:160. 0) 
483.8 Ba 
<:197. 0) 
329 .4 BCa 
<:41. 3) 
283.0 Ca 
<:78. 8) 
265 .0 Ca 
<:117 . 4) 
Mean No. Juveniles !SD (n=5)* 
Concentration (mg/ml) 
0.001 0 .01 
1601.0 Aa 
(::340 . 4) 
484.4 Ba 
<:170 .6) 
249.8 Ba 
<::101. 5) 
390 . 8 Ba 
<:146.9) 
274.0 Ba 
<:111.1) 
1830 . 2 Aa 
<:291. 3) 
461.0 Ba 
<:95. 2) 
246.6 Ca 
<:115.7) 
197.4 Ca 
<:78.6) 
264.8 Ca 
<:142.9) 
0.1 
1886 .0 Aa 
<:261. 5) 
477.2 Ba 
<:56 .9) 
241.2 Ca 
<::29.7) 
222 .2 Ca 
<:eo . 9) 
173 .4 Ca 
<:114 .6) 
1.0 
1841 .2 
<:353.3) 
455.0 
<:174 .9) 
265 .0 
<:103 . 5) 
276 .0 
<:104 .4) 
162 .2 
<:47 .5) 
A a 
Ba 
BCa 
BCa 
Ca 
++Means followed by different lowercase letters in a row and by different uppercase letters 
in a column are significantly different (P<0.05) by SNK test . Standard deviation is bracketed . 
Table 3-17: Vertical distribution of Steinernema sp . Newfoundland strain 
Depth 
(em) 
0-2 
2- 4 
4-6 
6-8 
8- 10 
no . 1 (L1C) infective juveniles in chlordane- treated soil col umns 48 hours 
after inoculation of 3000 nematodes in top soil layer . 
0 . 0 
1812 . 2 Aa 
(:!:293 . 7) 
728 .6 Ba 
(:!:235 . 0) 
281 .4 Ca 
(:!:134 . 7) 
105 .6 Da 
(:!:41 . 6) 
72 . 2 Da 
C:42 . 4) 
Mean No . Juveniles ±SO (n=5) * 
Concentration (mg/ml) 
0 . 001 0 . 01 
1916 . 4 Aa 
(:!:249 . 0) 
603.0 Ba 
(:!:44. 6) 
212 .4 Ca 
(:!:91. 0) 
160 . 0 Ca 
(:!:90 . 9) 
108.2 Ca 
(:!:58 .9) 
2129 . 8 Aa 
(:!:218 . 2) 
521.8 Ba 
(:!:123 . 5) 
175 . 4 Ca 
(:!:49. 8) 
97 .4 Da 
(:!:31. 8) 
75 . 6 Da 
(:!:40 . 4) 
0 . 1 
2175 .8 Aa 
(:!:260. 1) 
495.0 Ba 
(:!:110 .6) 
166 .6 Ca 
(:!:69 . 3) 
81.8 Ca 
(:!:29 .3) 
80 .8 Ca 
(:!:76 . 0) 
1. 0 
2169.4 Aa 
(:!:250 .5) 
489 . 2 Ba 
(:!:86 . 3) 
161.0 Ca 
(:!:67 . 7) 
86 .8 Ca 
(:!:38 .6) 
93 .6 Ca 
(:!:100 . 1) 
++Means followed by different lowercase letters in a row and by differ ent uppercase l etters in a 
column are significantly different (P<0 . 05) by SNK test . Standard devi ation i s bracketed . 
lJ1 
-....) 
Table 3-18: Vertical distribution of Steinern ema sp . Newfoundland s t rain 
Depth 
(em) 
0-2 
2-4 
4-6 
6-8 
8-10 
no. 2 (6B) infective juveniles in dia.zinon-trea.ted soil columns 48 hours 
after inoculation of 3000 nematodes in top soil layer. 
0.0 
1638.8 Aa. 
(,:160.0) 
483.8 Ba. 
(,:197. 0) 
329.4 BCa. 
(,:41 . 3) 
283 .0 Ca. 
(,:78 .8) 
266.0 Ca. 
(,:117.4) 
Mean No . Juveniles ±SD (n=6)* 
Concentration (mg/ml) 
0 . 001 0.01 
1232 . 8 Ab 
(,:309 . 6) 
496.0 Ba. 
(,:124 . 3) 
346 . 0 Ba. 
(,:90 . 3) 
638 . 6 Bb 
(,:173. 8) 
386.6 Ba. 
(,:136 . 3) 
1662 . 2 Aac 
(,:339.9) 
415.2 Ba. 
(,:83 . 2) 
274 . 6 Ba. 
(,:36 . 2) 
363 . 8 Ba. 
(,:168. 9) 
284 . 2 Ba. 
(,:166 . 4) 
0 .1 
2193.2 Ad 
(,:287 . 0) 
411.6 Ba 
(,:146 . 2) 
202 .8 Ca. 
(,:92 . 7) 
128 . 0 CDc 
(,:69 .6) 
64 .4 Db 
(,:42 . 4) 
1 .0 
2464 .6 Ad 
(,:237 . 9) 
476 .6 Ba. 
(,:206.7) 
66.6 Cb 
(,:66 .8) 
11. 2 Dd 
(,:9 .4) 
0.0 De 
(,:0 . 0) 
++Means followed by different lowercase letters in a. row and by different uppercase letters in a. 
column a.re significantly different (P<0.06) by SNK test . Standard devi ation is bracketed . 
Ul 
(X) 
Table 3-1 D: Vertical distribution of Steinernema sp . Newfoundland strain 
Depth 
(em) 
0-2 
no . 1 (L1C) infective juveniles in diazinon-treated soil columns 48 hours 
after inoculation of 3000 nematodes in top soil layer . 
Mean No. Juveniles +SD (n=5)* 
Concentration (mg/ml) 
0 . 0 0 . 001 0 . 01 0 . 1 1.0 
1812.2 Aa 1953.0 Aa 1764.4 Aa 2244 . 0 Aa 2725 . 0 Aa 
(.:!:_293.7) (.:!:_196 .4) (.:!:_405 . 5) (.:!:_238 . 5) (.:!:_149.0) 
2-4 728.6. Ba 667 . 0 Ba 653 .4 Ba 562.0 Ba 237 . 2 Bb 
(.:!:_235 .0) (.:!:_58 . 8) {:::_102. 3) (.:!:_127.5) (.:!:_135 . 9) 
4-6 281.4 Ca 205 . 6 Cab 286.8 CDab 122 . 0 Cb 35 .0 Cc 
(.:!:_134 .7) (.:!:_60. 8) <.:.119 . 1) <.::79 . 3) (.:!:.32 .2) 
6-8 105 .6 Dab 116 .6 Dab 191 .6 DE a 49 . 2 Db 2 .8 Cc 
(.:!:.41 .6) (.:!:_85 . 5) <.::149 .9) (.:!:_43 . 0) (.:!:.6 . 3) 
8-10 72 .2 Da 57.8 Da 103 .8 Ea 22 .8 Db 0 .0 Cb 
<.::42. 4) <.::24 . 3) (.:!:.71 .2) <.::29 . 1) <.:.o .o) 
++Means followed by different lowercase letters in a row and by dif ferent uppercase letters 
column are signifi cantly different (P<O . 05) by SNK test . Standard deviat i on i s bracke t ed . 
in a 
Ul 
1.0 
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Although recovery was affected by the higher concentrations of chlordane, the 
migration rate was not affected even at 1.0 mg/ml. 
Diazinon significantly affected recovery of SB at 1.0 mg/ml, despite low toxicity 
at 72h (14.7%) (Fig. 3-3). Toxicity on L1C was low at 72h (6.7%) (Fig. 3-5) and 
in fact recovery was unaffected. Despite recovery being unaffected: the migration 
of nematodes was clearly altered at L. 0.1 mg/ml for both nematode species 
(Table 3-18 and Table 3-19) in the presence of diazinon. 
Table 3-20: Recovery of infective juveniles 48h after 
inoculation of 3000 nematodes in insecticide treated cylinders. 
Mean " Recovery + SD (n=5) T 
Insecticide 
Species Cone. (mg/ml) Chlordane Diazinon 
1.0 23.0 + 3.9* 25.1 + 6 . 0 
- -
0 . 1 31.1 + 2.8 38 . 6 + 6 . 6 
L1C 0 . 01 37 . 6 + 12.0 37.8 + 8.3 
- -
0 . 001 32 . 8 + 5.0 38.1 + 15.5 
- -
0.0 38.5 + 5 . 5 38 . 5 + 5.5 
- -
1.0 15. 6 + 1.3* 15 . 3 + 6.5* 
-
0 . 1 25.1 + 5.1* 27.8 + 7.0 
-
5B 0.01 27.9 + 5.0 27.3 + 11.0 
-
0 . 001 31.9 + 8.9 36 . 9 + 8.9 
- -
0.0 35.6 + 4.4 35.6 + 4.4 
- -
TMeans followed by an asterisk are significantly 
different (P<0.05) from control by SNK test. 
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Chapter 4 
DISCUSSION 
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Unimodal pest control strategies have been successful in reducing pest 
populations below economic injury thresholds. Insecticide use has generally been 
successful but has come under scrutiny from elevated public awareness and 
concern over adverse effects on the ecosystem, as well as target organism 
resistance and increasingly higher costs of manufacturing selective insecticides. 
Biological control provides an effective and environmentally acceptable 
alternative to chemical control methods (Burman et al. 1979; Poinar 1986). 
The efficiency and relative low cost of wide-spectrum insecticides cannot be 
ignored and their use is likely to continue for some time. The integration of 
entomogenous nematodes with an insecticide program may make it possible to 
lower the volume of insecticide used. This reduces the levels of insecticide in the 
environment and other deleterious effects on the ecosystem. while not 
compromising agricultural and forest yields. This study exammed the 
compatability of several insecticides with steinernematid nematodes, potentially 
useful biological control agents (Poinar 1986). 
4.1. DIRECT EXPOSURE TO INSECTICIDES BY 
IMMERSION 
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Immersion of juveniles in aqueous suspensions of insecticide served to establish 
the protective effect of the double cuticle in the free-living infective stage of the 
steinernematid nematodes. While some insecticide concentrations caused 
mortality, exposure to lower concentrations resulted in decreased motility and 
paralysis. Prakasa Rao et a/. ( 1975) found several organophosphates, such as 
monocrotophos, phosalone and fenitrothion , directly toxic to S. dutkyi at 2_0.5 
mg/ml, while vanidothion was not toxic. Hara and K ay a ( 1983a) found 
phenamiphos toxic to S. feltiae at 0.5 mg/ml. In t his study, when infective 
juveniles of both LlC and 5B were directly exposed to diazinon at 1.0 mg/ml, 
substantial (ca. 50%) mortality occurred after 120h of exposure. There appear to 
be variations in sensitivity of steinernematid species to different organophosphate 
insecticides. This should be considered in any integrated pest management 
program. 
Fedorko et a/. (1977a,1977b) found the carbamate insecticides , dioxacarb and 
oxamyl , toxic to· S. feltiae (LC50 > or 1.0 mg/ml), but t here was no mortality at 
concentrations below 1.0 mg/ml. Hara and Kaya (1983a) noted little direct 
mortality after exposure to 1.0 mg/ml methomyl after 168h of exposure. During 
this study, the carbamates, carbaryl and Matacil (aminocarb) were assayed and 
while Matacil had no observable toxic effect on either nematode, carbaryl caused 
low ( <25%) mortality of LIC at 1.0 mg/ml (1000 ppm), a finding in general 
agreement with previous reports. The Matacil assayed was formulated in oil and 
thus did not mix well with the water suspension of nematodes; as a result contact 
was limited and likely affected these results. The two strains of Ste£n ernema 
examined in this study resemble 5 . feltiae in their tolerance to t he insect growth 
regulator , Dimilin (Hara and Kaya 1g83a). 
In separate studies by Fedorko et al. (lg77a) and Hara and Kay a ( lg83a) the 
organochlorine insecticide methoxychlor, was not toxic to S . f eltiae at < 1.0 
mg/ml. However, both LlC and 5B juvenile nematodes were found to be 
sensitive to 1.0 mg/ml of methoxychlor and chlordane. It should be noted that 
although there was low 5B mortality after 24h , a portion of the sampled 
population was affected by chlordane and by 72h substantial mortality was 
observed. Differences noted for methoxychlor may be attributed to species or 
strain differences. In addition, commercially formulated methoxychlor was used in 
the present study, as opposed to the technical product used by previous 
researchers , this may account for the difference in results. 
Nematodes in the affected state, which was characterized by slow movement 
and delayed response to probing, were only seen in significant proportions 
(>50% ) after exposure to diazinon and chlordane at 1.0 mg/ml for 5B nematode. 
Although this state was seen for other chemicals and L1C, it infrequently 
exceeded 5% of the sampled population. Hara and Kaya (lg83a) consistent ly 
observed this affected condition, which they termed 'sublethal effect' , after 
exposure of S. feltiae juveniles to the organophosphates, methomyl (2_0.1 mg/ml) 
and phenamiphos (>0.01 mg/ml). They did not observe lethal or sublethal 
affects for juveniles exposed to the organochlorine, methoxychlor. According to 
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Keetch (1974), nematodes in this condition progress to death unless the insecticide 
is removed by washing; subsequently nematode infectivity would be restored 
(Hara and Kaya 1983a). The progression from the affected state to death was 
evident during exposure of 5B to 1.0 mg/ml diazinon. At 24h the percentage of 
dead nematodes was 24% of the population and increased to 50% over the course 
of the experiment. The reason why nematodes were not observed in the sub lethal 
state, prior to mortality after exposure to other insecticides, is difficult to explain. 
In some cases, the time course from alive to sublethal to a lethal effect may be 
short if the insecticide is particularly toxic ( eg. 1.0 mg/ml chlordane at 24h ). 
The paralysis and eventual death of both LlC and 5B infective juveniles 
occurred after exposure to 1.0 mg/ml of both organochlorine insecticides, 
chlordane and methoxychlor. The organophosphate, diazinon was toxic a t 1.0 
mg/ml for both nematodes. A significantly greater number of 5B nematodes were 
sublethally affected by 1.0 mg/ml diazinon. It was likely that the cuticle provided 
some protection which eventually broke down over time. This may be due to 
rates of penetration, metabolism and detoxification of the chemical by the 
nematode. No observable toxic effects were seen for Dimilin, malathion and 
Matacil at non-lethal concentrations. 
4.2. IMPACT OF DIRECT INSECTICIDE EXPOSURE ON 
INFECTION INDEX 
Recovery of adult nematodes from moribund G. mel/onella larvae, after 
infection with juveniles previously exposed to insecticide, was unaffected for both 
LlC and 5B after exposure to Dimilin, malathion and both carbamates. This 
result was not unexpected as significant toxicity was not observed at any of the 
tested concentrations. However, diazinon, methoxychlor and chlordane exer ted 
observable toxic effects at 1.0 mg/ml in previous experiments so that in addition 
to examining the effect of these insecticides on infection success, the Infection 
Index was also assessed. 
Diazinon at 1.0 mg/ml was progressively more toxic to both LlC and 5U as 
exposure time increased. Infection Index dropped concomitantly as lethal 0ffect 
increased, yet it was unclear if this decrease in Infectivity Index was due to 
sublethal effects on remaining nematodes or the value was simply a reflection of 
the decline in the number of living nematodes. 
The lethnJ effect of methoxychlor and chlordane on LlC at 1.0 mg/ml resulted 
in no infection of G. me/lcne/la. Likewise, 5B mortality was high after exposure to 
1.0 mg/ml methoxychlor and accordingly, Infection Index low. Toxicity of 
chlordane to 5B was less t han toxicity to the LlC strain, however. After 24h of 
exposure of 5B to 1.0 mg/ml chlordane, over 70% of the nematodes were affected 
by the insecticide, yet these nematodes were able to infect insect larvae. The 
Infection Index for either 5B or LlC was unaffected at <O.l mg/ml. 
The Infection Index data displayed a high level of variability among replicates of 
the same treatment group. The inoculation of 250 nematodes was only an 
approximation. Nematodes were suspended in their incubation tubes by agitation 
prior to withdrawal by pipette, however, they may have settled before the 
required number of nematodes in an aliquot were removed. Attempts were made 
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to distribute the nematodes evenly over the fil ter paper /petri dish experimental 
chamber, however , settling of nematodes in the water column of the pipette may 
have resulted in uneven distribution. Some Infection Index values wer t: 
statistically different from controls but clearly, restraint must be shown in 
interpreting such results. For 5B exposed to 0.1 mg/ml methoxychlor at 120h, the 
Infection Index was significantly lower than that of controls; at 168h the 
difference was no longer seen. Rather than rnoresenting a difference of actual 
biological significance, the result was due to one or more of the technical errors 
noted previously. 
4.3. EFFECT OF INSECTICIDES ON IN VITRO-REARED 
NEMATODES 
The in vitro growth of entomogenous nematodes varies with species, medium, 
propagation technique, presence of associated bacterium and initial nematode 
inoculum. The objective of this study was not to develop a highly efficient in 
vitro rearing procedure but rather to find a medium that supported nematode 
development and observe the effect of insecticides on the nematode population 
and its' associated bacteria in an artificial environment. A high protein medium 
containing extract of liver and beef was developed and found to be suitable for 
nematode reproduction and development. 
Both L1C and 5B infrequently developed on beef-liver nutrient plates to more 
than 10,000 nematodes per plate after 14 days of incubation from an original 
inoculum of 100 nematodes. All insecticides tested exerted a toxic effect on the in 
vitro development and reproduction of both L1C and 5B nematodes. 
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Development and reproduction begin on culture pbtes fo llowing the 
exsheathment of the outer cuticle. The developmental stages of the nematode lack 
t he extra protection provided by the second cuticular layer of the fr ee-living 
juvenile stage. The barrier to chemical insecticides is reduced and they can gam 
access to the internal structures of the nematode. 
It was apparent that the shed cuticle had provided an excellent protective 
device. Direct exposure data revealed that methoxychlor , chlordane and diazinon 
exerted a lethal effect only at 1.0 mg/ml on infective juveniles, whereas 
developing nematodes were susceptible to all insecticides at concentrations not 
previously toxic to infective juveniles after direct exposure. With the exception of 
Dimilin, the insecticides tested in this study were potential toxins of the nematode 
neuromuscular system and this was the possible target site which could account 
for lack of development in vitro. The chitin synthetase inhibitor, Dimilin, reduced 
populations of both L1C and 5B at L_0.1 mg/ml. Chitin synthesis in nematodes is 
confined to egg development and chitin synthesis inhibitors have been shown to 
impair nematode development by preventing chitin synthesis in the egg stage 
(Veech 1978a, 1978b; Calcott and Fatig 1984). Thus, egg development in 5B and 
LlC may have been the target site for Dimilin toxicity observed during in vitro 
studies. 
Hara and Kaya (1982) found several carbamates and organophosphates impaired 
development; the impairment was low compared to results of the current 
experiment. These authors determined that methoxychlor did not affect 
development, while this study shows both organochlorine insecticides tested were 
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ext remely toxic to development at >0.01 mg/ml. Differences may have occurred 
due to different species and use of formulated rather than technical grade 
insecticides. 
Nematode feeding is impaired by carbamate insecticides (Keetch 197<1). 
Steinernematid nematodes feed on bacteria or the products of bacterial 
metabolism. The feeding ability of the developing and adult nematodes may be 
impaired by the carbamates or organophosphates by targeting the musculature of 
the nematodes which is intimately involved with feeding. 
4.4. EFFECT OF INSECTICIDE ON SYMBIOTIC BACTERIA 
Akhurst (1983) has shown that the primary form of the symbiotic bacteria is 
necessary for successful in vitro growth. Recent studies on the effect of 
insecticides on in vitro reproduction have overlooked the possibility that the 
chemicals may be exerting a toxic effect on the bacteria in addition to or instead 
of the nematodes. Insecticides toxic to the bacteria may result in lack of food for 
nematodes either directly due to death of bacteria or through failure of bacteria 
to provide metabolic products required by the nematode for growth. Clearly, a 
study on the effect of insecticide on the growth of the bacterium was necessary. 
Any chemical insult to a bacterium may result in slower growth rate and 
subsequent increase in generation time. By determining the baseline generation 
time of each isolate in nutrient medium and generation time in the presence of 
insecticide, the bactericidal contribution to the effect of insecticide on in vitro 
reproduction was determined. Although this situation is experimental and not 
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likely to occur under natural conditions, it does establish the toxicity of the 
insecticides to the associated bacterium. 
The two bacteria! isolates were differentially susceptible to some of the 
investigated insecticides. For example, Matacil was not toxic at <0.01 mg/ml for 
isolate 5B; isolate LlC was very sensitive to the same concentration of this 
insecticide. The toxicity of the organochlorines and organophosphates to the two 
strains of bacteria appeared to be similar. The mode of action of bactericidal or 
bacteriostatic chemicals involves protein denaturation , enzyme inactivation 
and/or membrane damage, with resultant cell leakage or lysis due to surface-
active inhibitory action (Hamilton 1971). 
While an insecticide may depress generation time, it does not mean that the 
bacterium is unable to grow. Since in vitro work was carried out on solid agar 
medium, the effect of the insecticides on the formation of colonies was 
investigated. This data combined with the direct exposure data aided in assessing 
whether the reduction during in vitro growth of the nematode was due to direct 
toxicity on the nematode or to adverse effects on the associated bacterium. 
Dimilin was not directly toxic to either LlC or 5B infective juveniles, yet in 
vitro growth was significantly reduced at >0.01 mg/ml. Although Dimilin had 
some effect on low numbers of both bacteria, the effect on a thick bacterial 
culture was not seen and thus Dimilin toxicity was directed at egg producing 
adult nematodes. 
Matacil exerted no direct toxic effect on infective 5B or L1C juveniles yet m 
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vitro reproduction was depressed. When a thick cell suspension was applied to 
Matacil treated plates at 1.0 mgfml no bacterial lawn grew. At this 
concentration, it was unclear whether the reduced population resulted from effects 
on the bacterium or the developing nematodes. Since growth of bacteria on plates 
treated with <O.l mg/ml was confluent or all over the petri dish, in vitro toxicity 
was likely due to toxicity to adult and feeding nematodes. 
Both organochlorine insecticides exerted negligible effects on generation time 
and mass growth of bacteria on plates, but they did inhibit growth of both 
isolates at _LO.Ol mg/ml. Since confluent growth of bacteria was found on plates 
treated with 1.0 mg/ml, it was unlikely that the bacteria were the limiting factor 
in in vitro nematode growth but probably due to direct exposure which caused 
lethal effects on juvenile and adult nematodes. 
Malathion was extremely toxic to zn vitro development of both 5B and LlC 
nematodes, although low numbers of bacteria were killed by >O.l mg/ml, 
confluent bacterial growth was seen on 1.0 mg/ml plates. Since little direct 
toxicity to infective juveniles was observed and malathion severely inhibited in 
vitro growth, the protective effect of the nematode cuticle was evident. 
Exsheathed larvae and adults were sensitive to malathion at the tested 
concentrations. Both bacterial isolates were adversely affected by diazinon , as 
were infective juveniles. This dual effect combined to prevent in vitro growth at 
>0.001 mg/mL 
Carbaryl was not directly toxic to infective juveniles of 5B or LlC indicating the 
.... , 
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protective effect of the cuticle. The bacterial isolates did not grow on >O.l 
mg/ml carbaryl and it was at approximately this concent ration that in vitro 
growth was arrested for both species. It was likely that in addition to the direct 
toxic effect on feeding nematodes, the depression of the bacterial population 
affected in vitro reproduction. Thus, this study has shown that some insecticides 
are directly lethal to the nematodes, while other compounds may indirectly cause 
nematode mortality by suppressing growth of symbiotically-associated bacteria. 
In this study, nematodes exposed to low concentrations of insecticide were still 
able to infect and reproduce in G . mellonella , yet were unable to reproduce in 
vitro. This points out some of the inadequacies of the use of in vitro reproduction 
in assessing nematocide or insecticide toxicity to steinernematid nematodes. 
Removal of insecticide from exposed nematodes allows them to recover from any 
sublethal effects exerted on them by the insecticide and these nematodes remain 
infective (Hara and Kaya l983a). In this study the nematodes retained infectivity 
if not lethally affected by insecticide. This occurred initially because removal from 
concentrated insecticide lowered immediate exposure. Additionally, after 
penetration into the insect, host metabolism may detoxify any remaining 
chemical. 
4.5. MIGRATION IN INSECTICIDE-TREATED SOIL 
Infective juvenile nematodes were attracted to insect larvae, as seen by 
significant migration of both LlC and 5B nematodes in soil towards G. mellone/la 
larvae located 10 em below their inoculation point. The kairomone or chemical 
responsible for eliciting favourable nematode response is unknown; carbon dioxid e, 
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heat and fecal excrement have been implicated by other researchers (Schmidt and 
All 1979; Gaugler et a/. 1980; Byers and Poinar 1982). 
Nematode response to host stimuli appears to be rapid. Carbon dioxide moves 
rapidly through the air spaces in a soil matrix and movement of S. feltiae has 
been shown to be impaired in poorly-aerated, overly-saturated soil (Molyneaux 
and Bedding 1984). Soil columns used in this experiment were loosely packed and 
carbon dioxide contributed to nematode migration. 
The proportion of L1C nematodes reaching the bottom level was lower than 
that of 5B, but the recovery of L1C was higher than 5B. These differences were 
due to strain or species differences. Soil moisture, texture and motility of the 
nematode have been shown to be important factors in nematode movement in soil 
(Schroeder and Beavers 1987). 
The organochlorine insecticide, chlordane, and the organophosphate insecticide, 
diazinon, were consistently the most toxic compounds of the seven insecticides 
investigated in the previous experiments. Both were toxic to infective juveniles 
after immersion in aqueous suspension. In addition in vitro development was 
impaired, as was bacterial growth over several of the tested concentrations. 
Chlordane did not significantly impair migration of L1C or 5B in soil treated 
with ~1.0 mg/ml. Diazinon significantly impaired migration of both L1C and 5B 
at 0.1 and 1.0 mg/ml. There was no direct toxicity at 0.1 mg/ml diazinon as 
noted previously. Therefore it was possible that at this non-lethal concentration , 
chemosensory response was impaired, a suggestion made by Marban-Mendoza and 
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Viglierchio (1980b), to explain insecticide-induced impairment of host attraction in 
the plant-parasitic nematode, Pratylenchus vu/nus. They found that this 
nematode was attracted to bean roots but after exposure to the organophosphate, 
phenamiphos, the attraction was impaired at concentrations below those which 
inhibit motility. 
It is likely that the physicochemical interactions of insecticides with soil 
components affected the bioavailability of the insecticides to the migrating 
nematodes. Nematodes migrate in the water film of the soil pores and thus, the 
water is the site of insecticide-nematode contact. Chlordane is highly hydrophobic 
and as such, tightly adsorbs to soil components, whereas diazinon is water soluble 
and thus, remains in the water fraction. 
Diazinon is an anticholinesterase and can impair nematode motility, dispersion 
and attraction to host stimuli by disrupting neuromuscular function. Studies with 
plant-parasitic nematodes have implicated the somatic musculature as target sites 
of organophosphate insecticides (Croll 197 4; Mar bon-Mendoza and Viglierchio 
1980a; Greco and Thomason 1980). The observations of this study do not provide 
direct evidence of the biochemical mode of action but the observed behavior of 
insecticide-treated nematodes (paralysis and decreased motility) are consistent 
with the proposed mechanism of insecticide action. 
It was noted that although migration of LlC and 5B was not impaired by 
chlordane, nematode recovery from soil was significantly lower at 1.0 mg/ml for 
LlC and _LO.l mg/ml for 5B. This was due to a toxic effect exerted on the 
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nematodes when water was added to the soil to regain nematodes in the recovery 
process. 
All insecticides were not compatible with the nematode/bacterial complex 
during in vitro growth experiments. In solution, the infective juveniles were 
directly exposed to insecticide and both organochlorines, as well as, diazinon were 
toxic at 1.0 mg/ml. Migration in soil was shown to be impaired by 0.1 and 1.0 
mg/ml diazinon. Lower concentrations of chlordane, methoxychlor and diazinon 
as well as all tested levels of carbaryl, Matacil, Dimilin and malathion, did not 
impair infectivity and nematode reproduction in insect hosts. Clearly, assaying 
insecticides by the in vitro rearing methods employed in this study is not a 
reliable indicator of the potential success of these nematodes under field 
conditions. 
The commercially-formulated chlordane used in this study is recommended for 
use against soil and lawn insects. The rate of application, as recommended by the 
manufacturer, varies from 2-8 mg/ml, depending on insect and spray area. Both 
LlC and 5B nematodes were sensitive to direct immersion in 1.0 mg/ml 
chlordane. Methoxychlor was also directly toxic to both juvenile nematodes at 1.0 
mg/ml. This chemical is often used as an insecticide on fruit trees; dosage ranges 
from 2.2-3.8 mg/ml. The organophosphate, malathion, is used to control pests of 
vegetables and trees. Its recommended dosage is 0.5-1.5 mg/ml. In the current 
study, malathion was not directly toxic to either nematode at the tested 
concentrations. Diazinon is applied in dosages from 0.625-1.0 mg/ml to control 
fruit and garden insect pests and was found to be direc tly toxic to LlC and 5B 
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nematodes at 1.0 mg/ml. Carbaryl exposure resulted in low mortality at 1.0 
mg/ml on 5B juveniles. It is applied on ornamental plants and domestic vegetable 
gardens for insect pest control. Depending on application area, the recommended 
dosage of carbaryl is 0.75-1.5 mg/ml. Both Matacil and Dimilin are used in foliar 
sprays to control insect pests in timber producing areas and on frui t trees. 
Traditionally, these chemicals are applied in spray programs in terms of an 
amount of chemical per given area. Both insecticides were not directly toxic to 
either L1C or 5B juveniles at 1.0 mg/ml. 
Therefore, combined use of nematodes with the organochlorine insecticides 
methoxychlor and chlordane is not recommended, as spray programs use both 
chemicals at concentrations above juvenile nematode tolerance. Nematodes were 
not compatible with diazinon at the upper levels of recommended usage but the 
other organophosphate, malathion, was compatible at levels often used in the 
field. Carbaryl was compatible with both juvenile nematodes at field application 
levels. 
Proposed use of entomogenous nematodes in integrated pest management 
programs shows much promise. High non-target toxicity and lengthy persistence 
in the environment have made the use of insecticides unfavourable. Recent 
advances in mass production techniques have made the use of steinernematid 
nematodes an attractive alternative. However, because of their sensitivity to lack 
of moisture, present use is limited to soil dwelling insect pests or those inhabiting 
cryptic habitats (Gaugler 1981). Because water evaporation is slower in soil 
relative to the surface of leaves and tree branches, it is an excellent medium for 
the moisture-sensitive steinernematid nematode {Simons and Poinar 1973). 
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The compatibility of insect growth regulators, organophosphates, and carbamate 
insecticides with other species of steinernematid nematodes and their associated 
entomoph~lic bacteria has been demonstrated (Pristavko 1967; Fedorko et al. 
1977a, 1977b; Hara and Kaya 1983a). These insecticides have low environmental 
persistence and are preferable to the extremely persistent organochlorines (Kahn 
1980). The strains of Steinernema sp. isolated from Newfoundland interact 
negatively with insecticides other than organochlorines ( eg. diazinon). In 
presenting a point of contrast with the findings of others, this underscores the 
need to undertake compatibility tests in each ecological situation under evaluation 
for integrated pest management. 
Insects have a higher sensitivity than nr:matodes to anticholinesterase 
insecticides and this facwr is important in integrated programs (Pree et al . 1987). 
Nematodes are attracted to, infect and reproduce in moribund insect larvae which 
have been kilbd by insecticide (Hara and Kay a 1983b ). The organophosphate and 
carbamate insecticides usually degrade within two weeks and this time factor can 
be important in integrated pest management. If L1C and 5B nematodes are to be 
used in integrated programs along with insecticides, compatibility must be 
achieved by altering the use pattern of the insecticides. Insecticide application 
rate must be lowered to have minimal effect on the nematode, but still affect the 
insect. Notwithstanding, nematodes can be applied to soil after a sufficient time 
has elapsed for insecticide degradation. The combination of insecticide and 
entomogenous nematodes should result in additive mortality of the pest species 
and result in the application of lowered amounts of insecticide required for insect 
control. 
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Summary and Conclusions 
The indiscriminate use of insecticides during the past few decades has had 
adverse effects on the environment. While it cannot be ignored that several 
insecticides have contributed to the production of adequate quantities of food and 
the preservation of adequate standards of health, side-effec ts of insecticides on 
non-target organisms and on environmental quality have garnered concern for 
reduction in their use. By using both chemical and biocontrol strategies, the 
insect pest population can be effectively reduced with minimum damage to the 
environment. 
The present study evaluated the compatibility of selected insecticides with two 
local steine:rr..ematid nematodes which have biocontrol potential. Information 
gathered may be useful for future field investigations. The conclusions of t his 
study were; 
• The double cuticle of the infective stage of the nematode acted as a 
barrier to almost all concentrations of the tested insecticides. 
However, this cuticle is a semi-permeable structure and could be 
penetrated. A toxic action was exerted on both nematode strains by 
both tested organochlorines and the organophosphate, diazinon. 
• Except where in-secticides had a lethal affect, no alteration m the 
efficacy of insecticide-treated juveniles was observed. 
• The in vitro development of nematodes was impaired at several 
concentrations of all tested insecticides. Toxicity to both the 
exsheathed nematodes and the mutualistically-associated bacterium 
was responsible for reproductive failure. 
• The number of 5B and LlC nematodes migrating in soil columns 
towards insect hosts was decreased in diazinon-treated soil. Chlordane 
did not significantly reduce migration of either LlC or 5B juvenile 
nematodes in soil, despite mortality after exposure to the highest 
tested concentration. 
• The organochlorine insecticides, chlordane and methoxychlor and the 
organophosphate insecticide diazinon, caused mortality of both LlC 
and 5B juvenile nematodes at dosages recommended for field usage. 
Application levels of these insecticides must be reduced when 
nematodes are to be used in conjunction with the chemicals. 
• The organophosphate insecticide, malathion, was compatible with both 
nematodes at dosages recommended for field use and thus is a suitable 
chemical for integrated pest management programs involving the 
investigated steinernematids. The carbamate insecticides, carbaryl 
and Matacil as well as the insect growth 1 egulator , Dimilin, were 
compatible with the juvenile steinernematid nematodes examined in 
this study. 
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The steinernematid nematodes examined in this study were generally compatible 
with the insecticides tested. This allows future researchers an information base 
that can be used if an integrated program of insecticides and nematodes is 
implemented for more effective pest management. In cases where compatibility 
was not shown, it may be possible to delay application of the nematodes to allow 
time for degradation of insecticide. Clearly, the concomitant use of 
steinernematid nematodes and selected insecticides shows promise. 
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